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SUMMARY RECOMMENDATIONS

The objective of this report is to define the Environmental Protection (EP) problems of
the U.S Navy ashore ind-afloat and to derive meaningfu! RDT&E requircments to be re-
sponded to by the various NAVMAT SYSCOMs.

The scope and-responsibilities of the various federal agencies in tile EP program are
stated in official documents and are augmented, clarified, and updated for this presentation
by personal discussions and-visits with two-groups of personnel-those responsible for re-
search, development, and demonstration, and-those for operations. In the establishment of
requirements, care was taken to coordinate thes areas with the cognizant agency to minimize
-duplication and where possible -o-reinforce and concentrate Navy resources in critical areas.

The principle:of-pollution prevention-treatment of waste (or surplus material) and by
-reprocess,-pu-rification,-ete:,-where-echnicalflyandeconomicallyfeasible,-to make available
a reusable or salable product-was advanced.

Included with the- RDT&E-requirements for each pollution problem is a description of
operational problems encountered and-the existing state-of-the-art and technology in use or
conoidered for use in the solution of-the problem; where applicable, a techrical -appraisal is
rendered. Thus- the- reader can-be familiarized with -the-existing situation, the magnitude of
the problem being-faced, and-the-p6tential of sonetu-of the terhnical approaches tobe inves-
tigated and tested, The major-Navy:R&D-problhm:area-s of concern are:

a. Sanitary-Waste treatment and disposal:systems- for smallboats, submarines, andilarge
ships (AS/CVA)-.which sp-end:considerable time hn port-development of on-board-holding-or
-treatment systemsd-with-flexibility of-performance to meet more rigorous water standards.
Functiohl-modules-t0 le .integrated into-a shipboard system Would include biological, bio-
-chemical, electrochemical, mechanical, merhbr ne purification, filtration, and incineration,

- b.-Pre'eition of oil-pollutioif-ofwater resulting-from pumping of-bilges, deballasting Of
fuel or cargo oil tanks.prior to:refueling,-pumping tankslop, accidental and deliberate-fuel

-spillage from fuel feplenishment.(-JP-5 contamination), fuel tank meter failure,-etc. As a-con-
seqUence,-the R&D program consists of bilge and ballast oil/water separators,-oi in water
monitoring/measurement devices, oil slick containment-and recovery systems for harbor use.

c. Reductibn of smoke.emission and:ncise of aircraft engines, A smoke problem is
usually a corollary of-carbon monoxide (CO) and unburned hydrocarbon-exhaust. Opera-
tional (reliability) problems arise from use-of fuel additives and combustion-can modifications
when a reduction-of "visible" smoke is attempted. Concern-has been expressed that efforts
-to reduce smoke result-in the increased_ emission of the more toxic air pollutant-the oxide of
of-nitrogen (NOx).
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d. Ordnance material reprocess and -re.!=zaion (explosives, propellant1s, pyrotechnics, iand OTTO fuei). In addition, an attempt at Improved reclamation of chemicaI silver from
used photographic material will be made as well as r-cv'ery of the negative base withoutKsecurity compromise.

e. Other problem areas of distinct Navy application but of lower importance requiringsolutions include* industrial (chamical) and galley-wastes from ships, shore (and ship) destruc-tion of classified material, ships antifouling paints, and aircr e elcaning and ctrippil .

f. Recommendations are made for the responsible system comm.ndprojects4 :.D,and various administrative and procedural chaiiges to promote greater effectiveness and coor-
dination within the Navy. (Insufficient cooi'dination within the Navy, and between the Navyand other federal agercies was clearly demonstrated in-sanitary sewage and oil spillage problem
areas.) Other recommendations include: foirmation of a Navy Environmental Protection Sub-committee consisting of-all theSYSCOMS under CM; greater role of CNM Laboratories in
program pianning and prosecution, and concentration of the RDT&E effort at the -Naval ShipResearch and Development Laboratory (NSRDL), Annapolis, and the Naval Civil Engineering
Laboratory (NCEL), Port Hueneme, mainly but-not exclusively for problemsafloat and ashorerespectively; and-the establishment of an International Exchange Program (IEP) for Naval
Environmental Protection with the United Kingdom.
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U.S. NAVY ENVIRONMENTAL PROTECTION PROGRAM

I. INI" RODUCTON

KA. The prime purpose of this repor. is to define the problems of the U.S. Navy ashore
and afloat related to environmental protection (formerly titled P;,ilution Abatement and later
Environmental Quality Control) and to derive, therefrom, meaniigful research and develop-
ment requirements/objectives. The various system commands (S 3 .COM) under NAVMAT
cognizance are expected to respond to these requirements by p:.ation and submission of
updated DD 1634's Task Area Plans (TAPs) or wherc approptt. -by Forms 3910 or 3920
(Sermiannual Program Summaries-Task or Pro.j ct Plans).

B. The statement of this objective war " drnely, in tht r',t w Presideatial Executive
Orders 11507 and 11514, and Public Laws- ahand 9i-224v .:. kbeingor about to be
imed.

C. To develop realistic R&D e' n-, t - .,. reach was taken.

I. Review existing pertinent -I'cg4r,1e1P/1- + ,-ensc (DOD) and Navy official docu-

ments (instruction s, memos, point pt m. -,xpktrttt; i -veopment Goals (EDG), General
Operation Requirements (GOR) wh" . 9et up respow.-- is, organizational committees,
requirements, objectives, etc. for o, ;65g effort.

2. Review on-going, and ;;aned' pmrogams (construction, operation and mainte-
nance, remarch- aM ceelopment) . 4 "hrtr federal agencies which would affect the scope or

I direction of Navy R&D.

3. Iifeetinp and discission-,-"th appropriate Navy SYSCOM, ONR, CNO, and
MsTs e tatives and penonnei ?f other federal agencies were held to explain the CNM

Ioliective and to esblish MAT 044 at tte focal point for the Navy's Environmentral Quality

I Cbntrol program a it applies to the NMC.I
c t 4, Mcetinp and discumssions with British Navy Staff were held to obtain data on

ship's sewage system development by United Kingdom (Ut).

I 5. Meetings and discussions with Navy Laboratory representatives (Naval Civil Engi-
j netkrig Laboratory (NCEL), Naval Ships Research and Development Laboratory, Annapolisj (NSRDL), Naval Weapons Center, and Naval Weapons Laboratory) were held to learn what

pollution control and abatement programs are under investigation or being conodered.

. D. Discussions were also held with CNO Technical Analysis and Advisory Group repre-
sentatives (Messrs A. W, Magnitzty (NO*P-07T14) and T. L Soo-Hoo (NOP-07T13)) regard-
ing the advisability of preparifig new GOIR' (or by addendum, modifying existing ones) for

I



the r N iw vF rilo tai Quality Control Program. Theec ersetrce indic-ated tat four
COR's will be modiic-d, thie differental bases being land, *,ws- surface aid1 s -4 subs <:lc,
target udale for approvcd Ytsioflsv wavl be on or about I1 SepNtene 1970. Achit-eeef of
ONO approved GOR's would enhantce the valjiity of the SYSCOM DlD !634T Task Area Plan

submissions, and shtow response to a definite Nwavy operational requirement.



11, SCOPE OF NAVY ENV*IROiNMEiNTAL PRCYThECTt-IONd (EP) PROGRAM

I A. EP PROBLEM AREAS

I. The Navys policy is to play a leading role within DOD) in the preventio0n, con-
trol. and abatement oi the pollution o1' water, air, and laxnd, and in the censrrva-tion of the
nation's resovurces. In maintaining and furthering this poity, naval operations ashore and
afloat are reviewed and analyzed periodically to determine and defie problem areas, includ-
iag anticipation of problems inherent in procurem-ent 01 materials and rystens. The svhtion

E2 is also dependent upon the nature, type, and severity of the problem. Sorn are cosidered
metre as safety or medical in nature (pest conrol and radiation), and some as comnbined pollu-
lion and combat effectiveness (aircraft smoke emnission). Other El' proble ms are soh cci more
adequately by military construction and installation and procedural mnodification projcts.

F Examples -of the latter projcts are shore based incinexrors xnd sewage disposal/1treatmrent
system in accordance with PL 91-224, Navy policy is to connect to niuzicipal systems where-
pmatical rather than inAall.Nav nt Addi;tion.W examples of Navy EP problemrs by Lqnstal-
lation and procedural miodifications are the Fire Fighting Schools where thbe emission o"
dense fninscf smoke were abated by modifationand additons of ducts, fans and afte-
burmmt saw.t-n extent of cxpendizuies, EiP prorects mipportecd by RDT&E fa-mds mrent
OW Inl i action of the tot W ffort 3istaineby, the Navy- Table I is;a comnpilation -
major pnrocw eof the NaM Enviiomnentai Pnxtection Prograt-(pollution peventio.
voiitro4, and abatmnt, and reusoucoonuemtion).

TAMKL I
-NAVY EVRIILLPOII XW RA

S -d AOM

(6) EMOUw mne chaicr.wk"ofa cnftwtaw)

Q OW 0nk cr" i (pMopda) -V A rw= *b01Wletion) d=-

(3 Rs*~~ w

(1 Lizg-u~rX-rn. Vrcetr roulio, areas



d. PesticideN--P s, Control
(i ersistent

(2) Nonpersistent

e. Noise Pollution

(I) Aircraft engines- ongiound service & test' flight operations
(2) Aircraft carrier noise environment
(3) Machinery, cle-#.onic equipment

f. Thermal Pollution of Water-Harbor area

() Ship Power/propulsion -stem-Nucekar reactor & fossil fuel-Not considered a
Navy proklem in Harbor

g. Land Fill-Solid Waste Disposal

B. DEFINED EP PROJECTS-RDT&E

1. Direct RDT&E-Water, Air and Noise Pollution. Table 2 is a list of projects
-! nn r underway
pan T ~ywitiere the speci-fir _V- problem is definal--le and a major portion of the

solution can be provided more suitably by RDT&E. To m.nimize duplication of effort
among federal agencies, and among the Na v SYSCOMS/Bureaus, and to maximize the man-
power, facilities, and funding resources within the Navy, an attempt was made to determine
the cognizant or major responsible federal agency or Navy activity for each project.

TABLE 2
DEFINED DIRECT RDT&E EP PROJECTS

Respondent
a. Water Pollution Activity

(I) Oil Spill Countemleasures SHIPS

(a) Bilge oil/water separation (Bilge pumping) SHIPS
(b) bAllast oil/water separation (Deballasting) SHIPS
(c) i in water monitoring & measurement SHIPS
(d) Fuel tank filling alarm SHIPS
(e) Fuel tank cleaning SHIPS
(f) Slop o-l containment & disposal SHIPS
(g) Jet fuel (JP-5) Coalescelerlseparator

purification for Navy oilers SPUPS
(h) JP4 & AVGAS punping/recovry system

(nonexplosive)-in salvage operations (SHIPS/SUPSALV)
(i) High speed oil pumping/recovery system

in salvage operations (SHIPS/SUPSALV)
(j) New design of Oilers (appl. toNAVSHWIS&MSC 1 ) Depts. of Commerce

& Transportation S

(2) Oil Spill Countermeasutres-HARBORS

(a) Oil Slick Containment
I Boom, s, Pontoons, Air Bubble Formation FAC
2 Chemical Monolayers ONR

1Formerly Militay Sea Tra=nportafiot Senice

4



Respondent
Activity

(b) Oil Slick Recovery
I Skimmers FAC

Polymers FAC
3 Oil/water separation FAC

(c) Oil Slick Combat Technology Special Techniques
1 Absorbents (being conducted at Navy Lab) Dept. of Int. &

Transportation
2 Sinking Agents Dept. of Int. &

Transportation
3 Combustion Dept. of Int. &

Transportation
4 Chemical Dispersants Dept. of Int. &

Transportation
5 Biological Degradation Dept. of Int. ONR

(3) Oil Debailast Facilites- ASHORE SUP/FAC/MSC

(4) Sanitary Sewage Holding/Treatment & Diposal-AFLOAT SHIPS

(a) Boats and small T ips (<40 ien) primary treatrent
(b) Submarines-Holding Systems
(c) Destroyers-C-board treatment
(d) Large tips (AS, CVA)

1 On-board holding system-pumping to shore sewage
system or to barges

2 On-board treatrent system
a Biodigestion
b Chemical treatment-digetion, oxidation-

flcculation, antiseptk-
k Mechnical-Filtration
it Electrochemical-coagulation, flotation,

oxidation, antbeptic
A. Thermal-incineration, concentration, evaporation
I Mlembrmne technology-reverse osmos etc.

(5) Sanitary Sewage HoldingVTreatment & Disposal-ASHORE FAC

(a) Advanced base waste water treatment & dispo (ame as FAC
d2a to d above)

(b) SHORE based-ndfitay conutruction projects FAC
INr;-Ber than primary treatment
2 onnction to municipalty mtte-;I

(6) Industrial &--watez-AFLxA7AMORE

(a) Electroplating ALL SYSCOMS
(b) Chemical cleaning ALL SYSCOMS

(c) Submarine bat ty elecitoyte oe 4at11r: ALL SYSCOMS
(4) Photog W chemicals

. Recover of silver
2 Recovry of water ) of

Recovery of chemicals proces resource
(e) Aircraft anticorrosive rinse AIR
(f) Aircrift cleaning & paint stripping-maintenance AIR/FAC

!



Respondent
Activity

(7) Other Water Pollutants

(a) Galley wastes SHIPS/SUP
(b) Carbage SHPS
(c) Radiological wastes-radioisotopes SHIPS/LABS

b. Air Pollution

(1) Aircraft Engine Exhaust/Emission AIR
(a) Visible smoke elimination AIR

I combustion chamber redesign
2 chemical additives
3 testing methods

(b) Chemical emissions
1 carbon monoxide
2 hydrocarbons
3 sulfur oxides
4 oxides of nitrogen & their an.lytical

instrumentation AIR/FAC

(2) Ships Coatings SHIPS

(a) antifouling paints-ketones & aromatic solvents
(b) asbestos lagging

(3) Stack exhaust SHIPS/FAC

(a) smoke & chemical-emissions (incl. measurements)
(b) destruction of classified material SHIPS/FAC
(c) Electric motor overhaul-incineration

(4) Ordnance material (normally disposed of by ning)

(a) Pyrotechnics
I reclaim, salag(b) Explosives

I reclaim, salvage
2 biological degradation

jc) Propellants
. Toxic propellant testing-beryllium, boranes, etc.

(d) Otto Fuels (Torpedo)1. Pu.i,ffication/rework

c. Noise Abatement. These problems are described in greater detail in other sections of
this report, and where applicable; together with technical-approches that have been
proposed for solution of the problem.

2. Indirect RDT&E EP Program. Problem areas which are being addresscd by the
Navy but are not a consequence or directly attributable to recent Navy EPpohlcy per se or
Presidential Executive orders, include:

6
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RADIATION AND PESTICIDES

a. Radiation-(BUMED, SHIPS, FAC, ORD, FLEX, ONR)

() Lonizing-(Nuclear, X-ray, uv). This subject is adequately covered by in-
structional rules, and regulation documentation of the Atomic Energy Commission and with
the policies and guidance of the Federal Radiation Council as published in the Federal Register.
Pollution problems related to Naval Nuclear Propulsion and RDT&E conducted by NAVMAT
Laboratories are further encompassed by "Radiological Controls," NAVSHIPS 389-0153
and pertinent National Bureau of Standards Handbooks.

(2) Nonionizing-(microwave, radiofrequency, extremely low frequency, IR
& visible lasers). Problems related to electromagnetic radiation of Navy electronic systems
are covered by the following:

I(a) "Technical Manual for RF Radiation Hazards" SHIPS 0900.005-800.

(b) "Electronics Maintenance & Installation" SHIPS 0967-000-0100.

(c) "Techrical Manual for Hazards to Ordnance, Personnel, & Fuel"
OP 3565/NAVAIR 16-6-5-29.

(d) Although related to pollution control and abatement, a separate plan
has been generated by the Research Division of the Bureau of Medicine and Surgery, supported
by cognizant naval organizations, setting forth a general approach to the solution of Navy
and Marine Corps personnel exposed to nonionizing radiation hazards. This proposed bio-
medical hazards RDT&E effort is a c--nsequence of the safety concern of operating personnel
in the environment of the more powerf. aircra, guidance.and fire control radars, satellite
tracking and communication equipments utilizing devices which operate in the electromagne-
tic spectrum rang, from I Hertz to the near ultraviolet, (extremely low frequency (ELF)
radiofrequency (RF), microwave, IR lasers, etc.). Therefore no attempt was made to include
this area in.R&Drequirements spnifically for pollution control and abatement.

I- b. Pesfiides-Pestcontrel

1 (1) Forpesticide control, the following pertinent documents are cited:

(a) DOD DLrective 5154.12 of 21 August 1968-estabishment of Armed
Forces Pest Control BoardI(b) SECNAVINST 5430.54A (BUMED-7222) of 7 January 1970-outlines
pest control responsibilities and functions of Navy offices,-bureaus, aid cimmands, "estab-
lithespoliies to-provide maximum effectivenes efficiency, and safety ;j pest control
operatioa"

(c) NAVFACINST6250,t2 of April 1970-establishes policy on the use
ofhferktent pesticides at Navy activities

- 7



(d) ASD (Manpower and Reserve Affair) Memo of 28 April 1970-curtails
and specifies use of the persistent pesticide DDT, to be followed by disposition instructions
for excess/surplus supplies.

(2) Conference was held with Mr. Hutton of NAVFAC (10133) who is pres-
ently chairman of the Arned Forces Pesticide Control Board and Capt. McWilliams of
BUMED (7222) regarding pollution control of pesticides, A presidential cabinet subcommittee-
Pesticide Working Group was established with three immediate objecttves

(a) Provide federal policy on hazardous pesticides.

(b) Establish a national training program and recognition procedures
(training before procurement and dissemination practices).

(c) Establish state and/or federad standards/prcedures for administering
pesticide disposal.

(3) In this Group five working panels were established to deal with progrcm
- review, monitoring, research, safety (disposal), and information. The safety/disposal panel

has the greatest impact on enviro~ament quality control. On th- basis of the above, it is not
recommended that the Navy initiate any RDT&E project in this area.

3. Non-RDT&EEP Program. Examples of pollution problems which are either of
no immediate concern to the Nay, or are being handledby procedural modifications or
cooperative arrangements with local communities or regional-districts am those of Thermal
Pollution of Waterand -td Fill Opmat-u..i

a. Thermal Pollution of Water is.mainyconcerned with-the marine bitoloical
effects and adverse atnmosphwric conditions (fogsg) producedby:the icaeuein-the tempera-
ture of divei*lkes, etc., bywater c6glant OffntsTe'- pTe ontbutoy cause of this I
pollution is the heat -enerated by power,-.atorse clthos-utltztng nuclear reactors
which normally operate n p, Fo yp o ;tls problem is ipekted es-
sentially to fhips in port. Whether utilizing nuclear reactoror fosil fuel for power and steam
gen eration, Navy ships in port utilize only a reat~vly smal -fr tion of their own -'.pacity

and depend primaily on shore-based sources for electrical power %id where practical, for
steam. The thermal problem is not one applicable to open -as; where Navy ships operate at
full power, and thus can be considered only as miroror nonexistent. It is conceivable thoug~h,

that where mMy ships are berthed or nested ma port at oe im. a -rvy could quantita-
tiv--, determine the extent of the problem, if any. The problem of thermal po!lutin-of
water can thus be relegated to those private utility operations (in New England, Florida, and
Long d, N.Y.) using r building b1Ab power nucear ct& facllifis,

b. Land Polltion. Navy aid-MaetiCorps dispose of their dry refuse-and garbag [
in a variety ot ways depn ig upon location, availability of municipal or contrc disposal
facities, on-base sanitary landfill, and the type and vo!ume of waste. ThuS, because of Cali-
fornia laws, garbage from Navyships must be "cooked"1t buriedraw initheir sanitary
landfills. As in the case of Naval Ordnance wood dunnae, thci ecovry; sstei and-reuse of mate-
rials are common practices whenever praotic4 and economical. NAVFAC has been involved in
most landfIll opetations with minimal or no RDT&E required for compliance with existh.g
local or federal rgulations.

8
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1Il. WATER POLLUTION

A. OIL SPILLAGE/DISCHARGE

1. Problem Definition-Phases. Cleaning up an oil contaminated area - ! con-
suming, difficult, and costly. To cleanup costs must be added the costs of the oil invasion
itself; destruction of fish, and other wildlife; damage to property; contamination of public
water supplies; and a number of material and aesthetic losses. Whether due to mechanical
failures or human carelessness, corrective attitudes, procedures, and equipments must be ac-
quired. The oil pollution problem can be subdivided into six (6) phases:I

a. preventive measures
k

b. containment of oil at source when accident occurs

=c. removal or recovery of oil from within the containment ar

d. treatment of the oil that spreads beyond the containment area

e, efficient and rapid separation of oil from water (recovery process)

f. ecological and meteorological factors

The last item is in reality~an-ancillary problem-related to the selection and effectiveness of
the corrective mare= s adopted. Ecology determines the aceptable materials/chemicals/
procedre that- may be used *Without significant damag to biota and marine life. Meteorology
canbeureit to predict-the direction and speed of movement of oil slicks, the wave turbulence
which affets the-integity-(and dispersion) of the oil slick, the thickness of oil filn, etc.

2 Scope and Respombilities-Federal Agencies. As stated in OPNAVINST 3120.27
(l-SeF -1968) "the primary responsibility for mobilizing personnel and material resources
agpnst mjor oil pollution hazard rests with federal departments and agencies other than the
Navy Department." This OPNAV Instruction, based on Public Law 80513, specifies the
responsibilities of the Ship Salvage authority of the Naval Ship Systems Command in coping
with a potential pollution problem involving a U.S. Navy vessel, "and a public or private vessel
at the request of competent authority."

The federal agencies with defined responsibilities for oil pollution prevention,
controL-and abatement are listed as follows:

EPA-Environmental Protection Agency, formerly FWQA (Federal WaterIQuality Administation)-Dept. of Interior
GS-(Geological Survey)-Dept. of Interior
C'3-(Coast Guard)-Dept. of Transportation
Office of Emergency Planning
Corps of Engineers-Dept. of the Army
Maritime Administration-Dept. of Commerce

The basic responsibility for surveillance, prevention, and cleanup of oil spills
is vested in the CG and EPA.
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a. Public Law 91-224. Coniistent with the National Contingency Plan required
by Public Law 91-224, "The President shall issue regulations c)nsistent with maritime safety
and with marine and navigation laws.

"(I) Establishing methods and procedures for removal of discharged oil,

"(2) Esmblishing criteria for the development and implementation of local
and regional oil nmoval contingency pla,%.

"(3) Establishing procedures, methods, and requirements for equipment to pre-
vent discharges of oil from vessels and from onshore facilities and offshore facilities.

"(4) Governing the ;nspection of vessels carrying cargoes of oil, it is further
stated that 'each such department, agency, and instrumentality in order to avoid duplication
of effort shall whenever appropriate., utilize tie personnel, services, and facilities of other
Federal departments, agencies, and instrumentalities.'

b. EPA

(1) There is also established an Interagency Oil and Hazardous Materialie-
search and Development Task Group as an ad hoc group of the National Contingency Plan
and an Interagency Agreement between the EPA and the Department of Defense. Certain
responibilites emerge clearly as predominant from various agencies; some appear quite hazy, I
ar in others, duplication is eyid&ent, 'us, EPA as the czar of waterpollution, has the jor
re" n ty-supprtin R&D in chemical treatment (oil renris etc.), stttngstvid-rds
for water pollution, approva of- dipersnts, RDT&E of ,techolog and equipmentsfOr con-
fineofent mndrecoveryof oil spills especkgysin inland water-s, noi urce-,dcntiiication,,
system, and treatment of contamd.ialtbeaches (di technology) .

(2) iti ia the majorresponsibility of-EPA to provide fnnilassac

and to nepniate-A P mJ otract wi t nuat for assstance intechnlogyand.systems for
the prevntio, control, and abettimto water p .-.

r- -Department of TrmnqotstiOn-CoastA Guard-

(1) The Coat Guard's major retpona-ility ap0pear in the Major oi VSi.
It covers control and-cleaup syfl *and-law enforcment weyvopmentof hghtwezgt
and he4vy-duty booms for confinement of spils at oe nmai(o p) p.rboil-
recovery system for uo with sticken taer which includes power supply,,high capaci
pumps, an plaicleltnei inflatablagnma whichflatonthe sa id t rcev
the oil. it aso covers airborne d6tction-ad surveillnc Oe'oilpl-mote slick hickness
measurement, and a collective term-'oil s combatantte l lj f the follow-
ig components or special tezdriut

(a) Mechaical CootaiWWnMt-bo-nts, pontooAget; -

(b) Mechania removal or re very-4*nnrs, suctim devi-e.



()Pnyzical Sinking methods-surface-chemically (,hydrophobic) treated sand.

(d) Chemical Disptirsion-toxicity of dispersants (mailmy surfactants)
- especially 17o intertidal fauna and flo ei~ds a basis for controversy for use.

(e) Physical Abso rption- inorganic (solid and porou-) and organic (natural,
synthetic polymers) materials wIch ca;n Tabsorb oil up to 40 times the weight of absorbent-
also an aid in mechanical rernoval-considered mrore efficient for harbor areas or calrn waters,

E and for thin to moderately thick oil slicks.

(f) Combustion-burning more effective on fresh and higher vapor pres-
sure oil slicks i calm waters-not very effective for open or turbident sea-possibly augmented

U by wickisg and/or oxidizing agents,

(g) BiologicalDegradation-use of natural marine environment micro-
9 organisms and/or biologia seeding with selective bacteria which are capable of metabolizingaE

oil-a slow process that may be accelerated by nutrients and catalysts.

(21 With the Maritime Administfation (see subpar. d): Design tankers to
minimize spillage.'

S d. Departritent of Commerce-MARAD

(j), MARAD with the Coast Guard is involved in new design of and method-
rokog for use with tankers to prevent or minimize oil spillagc. Thus, the purpose of MARAD's

Ship Contaitnent Systems Support Plan is to "investigate and develop ship systems for con-
taining spflLag opollutan ar os, in the event. of ship groundig collision or other disaster,
submcrged or turfaced." Among the atrnaltivc% the following were listed:

I -(a). double hulled-ships.

()eastic tank liners o pmin ft e

diiio onsiders it imprac ftankf to cary booms.)

(8) geliig get to be added to oil when spillagis threatened.

(2) Oil poltion-abatemrent R&D. the Maritime Administration has a major
reposbility for the folowing two projcts related tUpumigand deballasting:

- ():Researchi'development. and-tvaluatioo of oil/water separatots (debal-j last flow rate up to 600,jMJiin).

W~ -Reseach deveopmnt, and evaluation ofmonitor and measu~rement
syserns Qfoi~t-the-wateT effluents of oily water separators.

(3) n otlie o MAAD'-plane mxne pollution abatement R&D pro-

gram include, Me followmnv1



(a) Determine equipment requirements and develop necessary hardware
for existing trade route ship designs (other than special purpose).

(b) Dermine environmental problems asociated with waste disposal in
the a-ctic environment and develop pollution control systems for processing or disposing of
such waste.

(c) Collect and analyze ocean environmental-qualty data.

(d) Analyze requirements and develop specifications for converting re-
serve fleet ships into community waste processing plants and oi-spill cleanup facilities-

e. Department of the Army-Corps of Engineers. One of the earliest examples of
federal legislation concerned with pollution of naigable 'Waters, especially by dumping of
wastes (sewage. oil, chemicals), is the Rivers and Harbors Act of 1899. The responsibility
for rules, regulations, and enforcement was part of the charter of the U.S. Army Cirps of
Engineers. To date, this activity is involved in various harbors throughout CONUSj even inha
the largest ports as in New York, providing pemaits for dumping of sludge, exacting penalties
(fines) from indu:tial concerns for oil and other chemical dumping into rivers. The Corps
operates many dredges for navigable water maintenance and modification. Its role ii poW--
tion and resources conservation is a very impotant one.

f. Department of Housing and Urban Development (HUD)-A basic water and I

sewer grant program with-its$ 500 million 1971- budget. Thsh program isrcoi&ided an inte-
gpa part of its urban development proram

g; Department of Asdfture4lIo00mlllowd ttidw td gn
protui.----M-I

f.. Department of Commerr-its Economnk- tion seweir-

3. Naval Responsibilitis and-RequfOil Naval Sea ri
Co qmmade and inalisfr commn~t have i ids a Rifqteai-
ship, shipyard, base, md facility operatiom: NAVSH:PSthroAugSUp'n entofu -e f

tiscuimet, cpaiite focop ie ith idiite o sikbkklen t of ti Maw;-
(SUPSAL) is tasked w.tx the sam respnsbiite iniett si Waveopertos;N
FACNA val Facilitin Engineerng Command) itowons for-6 "in 0odate tecb rA
inforniat;m on procedures, chemicals (cipeially where and when peiitted for use) and-

.1he N&VFAC re@ponibilitks for ofl-spils ;ttd-in NAVMATINST 62 4 Of
29 July 96!9 atqitevague, with ther acpenot iededto bereatrictdtoprvidnigI
tecwIhniIformaton. Such indeterminate task might be misoostued art thicaWdt
iformation "retrieval and dissemination" regonsblity. A rme realistic -na a of

NAVFtxesonsbility Is to suport V eaprpate HDT&Etatluedtoi-heitis M flso
problem of oil pollution control (siuhpss. I Oc, d, nd' etbibb~wcodute Wi l
coordination. and cooperaton with the other ftsponsibl federal' -~lce av rvendsz
(petroleum Products, oil equimet Mmfacturers eKtha t naaisttite i
achieve and maintn, as rapidly and economically as possible, the ino6fqut etcpatlhty -
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in personnel, equipmeqt, timely countermeasures, and procedures for coping with any poten-
tial or existing oil spill in the shore areas (not open sea).

a. State-of-thie-Art and RDT&E Requirement Surveys, Several important studies
39 have been made recently to detertnine the magnitude of the oil-spill problem and to gurvey

existing capability and state-of-the-art, followed by a cost effecti~ness analysis of equipment,
materials, and techniques for control, confinement, and removal of thc spilled oil.

(1) Under NAVFAC administiation in in-house, on-site survey of East and
West Coast Navy harbors was macec in 1968, followed by a c-ost* effectiveness study under
contract to Battelle Northwest Laboratories completed in August 1969. This study empha-
sized the need to develop oil containment and removal equi -nent. chemicals for oil-pollution
control (dispersant use must be approved by EPA), and oceanographic factors affccting oil
pollution in harbors.

(2) A. D). Little, Inc., under contract to the Coast Guard, prepared a fairly
comprehensive two volume report in June 1969 on *Combating Pollution Created by Oil

I Spills." Volume I provided information on the state-of-the-art and available methods and
i their basic technology with effectiveness rating of each method. However, as the report indi-
I cates, -the evaluations of the different techniques were not based on def"Initive empoirical evi-

dence, with little or no laboratory and/or field testing. Volume 2 proposed an R&D plan to
achieve near-term objectives and to work toward long termn solutions. This R&D plan con-

I sidered the folowing:

I (a) Optimization of existing methods.

(b) Development of equipment and procedures for implementation of
= agveablcjechnology..I v~ie (c) Basic research io the physics ana1 chemistry of oil pollution to pro-

oiniation,

j(d) Rese arch on the operational and system aspects of tht coffbatint

I techology. -

R&D plii-ada i tself in large part to the seven (7) special techniques or comnponenL,

descibe catirin this W ect4il UA 2401) of the report (mechanical conitaiment, mechani'-
:oIVa degradationsopiophsca.)hinonbiswnAd'i

,(3),jnaddItion tp these studies, several field expe.iments were recently con-
-ductedt with pil soills (S~t~abrCIfChevron oil well fire, blowout in the Gulf of
Meiko, and a deiberate spill near Boston, Mams). These experiments provided -riaistic
evaluatiora of containment and -recovery equipmaents and devices, demonstrating the deficiert-
cies of candidae oil booms, skimmers, and pumps while operating in three fQo! plus seas- One
R6~m cleary" emers manufac$ures- claimof performance canot be relied upon. For
exAmk the'Kail Filtration'Doom (Kain lDIvison of Starcross Oklahoma, Inc.) is selctvy

I ~perieabk- toi~tr -ihone of-the, jihet,wiht Me foot ratios of the available booms.
Mwh n nufa~ter-claims i~ rodr'ct to be strong enough for opcn sea use (Litton report page1 13



18), yet it fajiled In the Chevron spill operation (Memo fo.- 04,1 by CO.NAVFACENGCOM
of 30 Mar 1970).

W4) All of the above programs, plans, anid concepts dertonstrate that all ex-
tentiivc amount of studie programs definition, etc-. have been collated. Adtoa tde
in depth do not appeaT warranted. These facts also show that the federal agencies With major
responsibilities are investigating practically all aspects of the problem, anticipating th~at re-
suits of on-goiri6 research, development, and demonstration in thr. latest state-of-the-art
technology and equipment can provide it least short term solutions to the pre-slems. Addi-
ijonal information provided by U.S. and U.K. laboratories regarding satisfactory natural deg-
radatior (imicrobiological. eto;.) of oil slicks in the open sea (Torrey Canyon Disaster) willMR
decrease the importmice oil certain special tezhniques (absorption, combustion) where shoreI
pollution is no3t a hazard.

b. Navy Requirements-NAVSHIPSYSCOM-SUPSAL

()SUPSAL of NAVSHIPS (Code OOC) has the following capability of deal-

Flow Rate
Marne ter (I) (gall mi) HP

Submeesible pumps Soo0 253
Surface pumps 3 140 -

Surface Dumps 6 740 40
Surfacepumps 101150 70

The surface pumps are diesel engine driven and are not considered satisfactory for heatry crudes
in cold Water, nor because of explosion hazards for AV-Gas or JP-4.

(2) SUPSAL requires the development of procedures to permit defueli g of
ships at sea wit], minimum hazard-to effect gasf-ree tanks without explosion hazard, a~
mersible pumps of hii flow rate capability (say utilizing a 10' line) are also required. A
state-f-the-art survey would mosz likely be performed regarding the development require- -
ments for impeller blades and seals tbat cnbe used for all peroleumi products (heavy crwd.rs.
dillat fuels IP-5, etc), water-free or entrained water. Present pumps usually require

bainof impeller blades foi the panicuIlr ptrfoleum product. 'SUPSAL also ut21Mz~ bOomIs
to cofitain oil spHKs Hlowever, it is recomimendtd that R&D efforts of the Coast Giuard (open
sea), and NAYFAC (harbor) be utilized for boom and other containment dev;lopmenlt and-
effective .coordination be encouraged to permift timely and effective, test and evaluation of the
dcy~loprnental items in SUPSAL operations. (Hdte~ *Iri SUPSAL pillepation irr National
Multi-Agency Oil and Hfazardous.Materi*l Pollution C-nt '.ncy Nlan. at least 2s Deputy to
CNO (OPNAV-03) is'reconirded.)

c. NAVIFAC SYSCM.

(1) NAVFAC is in a unique ppsition in enivirornbent protetin(air-, liquid
andsold w ste Ila es o ay hr civifies, inuiding naval-'bases, shipyard:. et.

wbierrn fuelig, and no M-61 shipboard opvradons produce liited spills- and accidental dis-
charges. NIAVFAC, through 'LANTDlIVN.AVFACENGCOM, observed anti parNIcipated in the
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Chevron. oil icdn.NAVFAC dire-tctly itrulfh r~iia di-scn-"-
thlrough the Navy activity Public Works Deparmtents, canr operate effccr fl ;j'a

Se-a Nron-tier Commandr n va >~~iadnsmmiiiieOqa-

ties and cap~biiites fo~r dealingv-win limite oilN is nc~dnt to wutuzeL tax'
* base. and facility ove-atrons.

(2) Incoordinain wih e Co-)ast G a rd. EP -4n SUPSL NAVFA

should be responsive to the following requirem-ents for copifl2 'Wtth himitco oil spIinl

(a1) Establishrmeia( of'--ahid desien. criteri1a and perf~ormance characiuristcs
of candidate oil containiment svstenis such as: ;oVe lc hckes e tr Indvlct
and direction, wi/ft of boom, phsclsrntXfmme-.ec

(b) Contain.ment system concept: bar-ge. towing, boom_ bubble air Cur-
tain; modification of 1AVFAC pontoons; etc-

(c) Te;_chnioues for miechantical coQnce'ntration and removLa Of the oi front
the water sur face.

. Mechanical surface skimmeRrs usually are teif-propelled special dutty
barges (efficiency depends upon thickIness of oil film on the surface) which removes the top
layer of oil by suction pumps, Overflow dams, or scoops. NCEL Repor-t CR 70.A)1 " Study
of Equipment and Methods for Removing- Oil from Hlarbor W'aters" by B atrelle11 Northwest
LaboratoricsjAugust 19059, recommnrded the use of suction de-vices as rinost cost efffective-
for mechanical remnova of oif from water surface.

2. Included in this requirem ent is the importanit project proposed by
Mr. Garrett of the Natai Research Laboratory (NR1L) and sponsored previously as ONR 6. 1
effort. Using a chemical. montolayer spread on the sea surface and dpl cin he oil/watler
interface, contributes to greater confinement and film thtickness properties of the oil slick.
faciltating the contaiment and recovery p,-rocesses It is recomme-nded tat this ONPJ'NRL

efotbe; incudu and spOi-ssored as part of the NAVFAC solution to the oI sufflisazern

(d) OilfWate: £zpar-ators-Thc-se conce-it and performance requirements
are sigifficantly different from the bilge and ballast oil 'water seaaion systemn develop-

meir (udercorizane o NASHIS).This can be separate or part of the skirmmi~r-sep.ara-
tor systm. the later combination type uses hydrophobic (oil-abs-orbenit, water-repzliant)
ela3storneric mnaterial wita mechanical1 devices to recover oil/water mi xture and drive off cx'-css
water. Requirments for this o/~w separator wc.-ruld not necessarily bec a5 Ssringrcnt as that for
bilge and ballast of w separation.

(e) Asorbents-R&D et.o s, hould be restricteld to floigteotu

of EPA and Coast Guafrd progrms. CCO is prese-ntly sponasoring suhRDwrMtNRL
Minor effort, shoudd be e-mployved in evaluation of such selected absorbents in co-mbiation
wilth NAVFAC and SPAL oil containment/recvery syti s adudrdv1pme.

(f) Diapersants and Si genking Ants, as d escr-bed earier, tnsi a veery
conrrovesal subject due to toxicity of the dispersants, c-specialy in IntertYdal and shore-
waters, ih EP A dciding which cemicals can r, t calnot be ised- For cititca harbr or pier
T15



areac, if a great danger of the oil being driven on shore by a prevailing wind exists, and no
mechanical means can be effectively employed, the use of EPA approved dispersants or sink-
ing agents may be ernployed. Oil would then niove with water currents rather than downwind.

(g) Combustion-Not recommended in harbor areas.

(i) Biodegradation-A major R&D effort is ieing sponsored by EPA,
especially at Florida State University in the microbiolcical seeding and accelerated degrada-
tion of hydrocarbons. A much smaller 6.1 effort is being sponsored and highly regarded by
ONR at Rutgers University, N. J.

4. Oil Discharge From Slhips (Limited Spiils)-Problems & Requirements

a. Bilge and ballast Pumping

(1) Oil discharge from ships can occur from several sources; viz., pumping of
-*_ bilges, deballasting fuel- or cargo-oil tanks, pumping tank slop, overflow from filling of tanks

due to equipment (unreliable tank capacity indicators) or personnel failures, ana those from
more drastic action resulting from grounding, hull leakage, sairage operations, etc. Informa-
tion provided by NAVSEC also indicates that it is not unusual for ships, prior to entering a
naval base or shipyard for dockside overhaul, to clean their oil tanks at sea with MILSPEC
eriulsifier/detergent followed by sea water P'us!-, and the combined discharged at sea. This
operation is performed at sea to reduce the ship down-time in port, resulting in lover cost,
etc. Thus, aside from the accidental oil spillage, pollution of water from shipboardoil
sources is the result of more or less deliberate acts, contrary ta the existing (national-50/100
miles from coast) and the proposed IMCO (50/100 miles) regulations. Directly related is I
the problem of inadequate deballast facilities at government terminals, worldwide, to receive
the contaminated oils from thi ships (presently being addressed by DFSC and Military Sea-
lift Command). (The problem of oil spillae 6in harbor area*, aside from Ivage operations,under cognizance of NAVFAC, Naval Sea Frontier Commanders and Naval-District Comman-

dants :s described in section IIIA3c of this report.) ,

(2) Problem Definition, Objectives and Requirements. Theabove problem-is
thus resolved into the following aspects:

(a) Development and shipboard evaluation of oil/water separators with
-pecific performance criteria or standards related to bilge, ballast, and tank cleaning discharges.

(b)'-evelop ment and shipboard evaluation of oil-in-water measurement/
* monitoring systems for the differenitial 100 ppm effluent rate and/or the integral 60 liters per

mile discharge, j
(o) The systems to be developed should be relativelysimple, compact, and

reliable, to be applied to any mixture of oil and watir. It should be able to handle a variety
of oil characteristica, i.e., specific gravity, water-oil interfacial tension, viscosity, additive corn-
position (extreme pressure, antinist, antioxidant, antifoam, etc.)which would affect its
separability irom water. in addition, the systei. to be developed must be capable of sus-
tained operation irrespective of the nature and extent of oil 'water contaminants-which
would also significantly iffect both the separation and moidtoring pci -mance.
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(d) The problems of bilge and ballast oil/water separation are in a fashion
of equivalent difficulty. The main problem in deballasting (mostly fuels), iL te high flow
rates to be encountered. Design criteria for Navy applications include 600 gal/min and 3000
gal/min for small and large ships respectively. It is important to point out here that the lower
requirement (600 gal/min) is idet tical to that of the Maritim. Administration and ihe hard-
ware or systems to be evolved would be satisfactory to both; parallel development is under-
way in the Navy and MARAD. Recent discussions with the U.S. Coast Guard has indicated
the latter's independent entry into this area of development.

(3) Bilge oil/water separation flow rates usually are below 25 gal/min. While
the flow rates are very small compared to deballasting, bilge oils contain a considerable amount,

and wide range of the viscous, additive-loaded lubricating oils with suspended-particulate
contaminants-all of which would increase the burden of separation and monitoring. While
it is true that we have shipboard oil/water separators as with operation of steam turbine lubri-
cation systems, the situation is reversed (compared to bilge and ballast) in that the amount of
water in the oil is small, and to the best of my knowledge, no quantitatiye measurement is
made to determine the amount of oil in the heated effluent water. One item has been demon-
strated-the water treatment does leach out an extensive amount of the oil additives, causing
mandatory additive of make-up oil.

(4) Literature surveys co ndqctedby Olie Permutit Co., in 1962, and more
recetitly (1969) by NSRDL, Annapolis, on the subject of oil/water separation-reveal that
practically adr marine and industrial 'eparators depend upon gravity difference for Separation.
No Available technology, aione, was deemed practicable for shipboard reductioi of the oil con-
tent to points below the required limit. A combination of at leist two distinct operations-
mechanical filtration followed by physicochemical'treatenent devices along with some "proc-
ess module may be required to reduce the 611 co!Aent of'zhe water discharge be' . the re-
quired limit.

(-Th1Rl)T&E-0rogaM of oi/ae eaaio;ai ot _istiurmcnt
must-addresi itself *to the ofoblems lsted ibbve- a"' a'ne Wfjrpff~petr1 Jpodut, ith dif----
ferent coipositioW i and f6iiulations many types of lkid and s6idoxin ts, 6if*iatr
flow-rtes and 'Surs, -rlisbiliity aidsnplicityunder shipbo i nhineal-conditions-
etc. For the oil in water .re surement/monitoiing device; tioni4 requireent inaude
rapid, accurate, and-prei-e detetion,.witlitn.cl;osetleiances, at extremely, low il cncen-.
trations. -Al ough MARADihas bfe de6vel6ping-thes* tw6items for several years-and VdP
board tests of one candidate system for each (separation and monitoring) are scheduled within
the-nxt few-mcntlhwith-NSRDL stppoit-tobnuich is-at stake to Mely Solety on~this agency
development (this ooinion is also shared -y Coist Gidid, EPA and -Military SiWft CO ).
it is recommended that NAVSHIPS undertake this dual role utilizing where practicable the
resources of NSRDL, It is so likely that CG and E'PA- wotid 0royideaddfional support for
a Navy pdnso dtp a . "

-b Fuel R'leni a-Tak Filling. ,In fuel replenishment operations,new

pressure-responsive probes bave sigtificantly reduced'fuel spillage. Although newer Navy
oilers are being fitted with tank alarms, most of those in use do not hae such operational
systems, relyh-a ir&c bn-unrellable-tihk-fll indibctors. -It is recommended that this situa-
tion be in"estigatedby NAVSHIPS, With full cobrdination and assistance of NAVSEC and
NAFUELSUP, and define the problem in fuelig, therh m nitudie of fuel spills, the stateof-
the art of tank-fill (electronic and remote) indicators and alarms feasible for'automated
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fueling procedures to minlimize human error under vairious sea states or Meteorological con-
ditions with sufficient safety factors to prevent or drastically mninimnize tank. overflow or otlier-
fueling difficulties encountered,

c. Sloptank and Deballast Facilities. To further reduce the problemi of oil pollu-
tion of water related to ballast oif/water separation, the following itemns are recommended, =

(I) Requirements for slop tanks.

(2) Requirements for deballast facilities at governmient terminals world-wide.
Information on commercial facilities in the United States has been made avaable by DFSC
and MSC. DFSC is attempting to require suppliers to maintain shore-based debailast facili-

ties in order to bid on new oil procurements.

d. let Fuel (JP-S) Spillage at Sea (NAVSLIIPS in conjunction with NAVSEC,
AYUand NAVAIIR)

(1) Batckground. in the process of fuel replenihent at sea inyoh'ingAO
"oilers" arid acaf .risexisting practiaes reswlt in d umping of millions of Pallns of
the fuel into the open sea. This was discussed with and confirmed by many codes-NAV-X
S'HIPS (PUS1-383,422, --27), NAVFUELSUP (40), NAVSEC (4101F, 6154D)) and NAVA2IR
(535). It was estimated that $6 mnfilion. of JP-$ fueliis lost annually inm this manner. Accord-
ing to records of NAVFUELSUP (41), one oiler dumped,20,000 barrels (940,000 galleons)
overboard in one month alone. It should be bornie in mind that the fuel post d'ow not include
Navy transportation costs, handling, storage, etc,, involved in logisics.I

(2) The problem of water in jet fuel and its attrpkeffect onjetecngin
Performance at higher attdes (here lower tmperatures cause dissolved water to.eart
and free water to freeze) has been investigated by NAVSHIPS anid NAVAIR for-the piast fif-
teen QtfT en yeas. 1The development aftdistal atiort -of eolserftr components for
aircraft carrier punifier systems to enuemei vtosad-test metiods for quality oqf-the-
fuel._ Preserlt ss calfor "clear and bright fud".- eiepriaada E
detector on-the carrier to datermine free water eonteat_ Free water maximnum- is- thus act at
3 0 ppm adsseddsld rpriuae at, 10 Mg per- liter. -The -water-content ofIthe-

variationsY while-turbidity would depend on size amwber af disperse-water. droplets.-

(13) Te aensifiet contairn mt tanks boardoilers for water'c ont&Wni
natedfuel-(allow fob adequatewater sepration and use-o ueiaatu

(4-Pri-or -oh 19 May, 1970 meetisat-Nofolk_ held under a Vpices o COM-

AIRLANT and COMSERVLANT, the potential of the problem of I'eL dumpirA.was incre-asett
by AlIVs arbitrary set tig of 15 p rna ftze water (which =~ be mnore relably monitoted4 by

concept Of 4'clear and brglet fuel will still be acceptable.

(5) Although Jl.-5 fuAel has a considerably hivgher Vapor prtsare thart crudes
or NSDF, it is still a fuel oil and is a pollutant covere W~ thc IMCO agreement of October
1969, which President Nixon recently requeste&dihe U.,S Senate to ratify. This WOWl Pro-
hibit the dumping of the fuel withiti the SO Wie limit.
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(6) Problem Del~nitictn and Requirements. It is conceivable that the follow-
M ing problems ought to be deflued, requirements established and responded to with an appro-

priate RDT&E project established to ameliorate simultaneously the technical and supply as-
pects of the problem-a combination of pollution prevention and economy measures.

(a) State-of-the-art of coalescer/Ofiters for separation of JP-5 from water
(fresh and sea).

(b) Quantitative and qualitative criteria that are realistic and scientifically
meaningful (rather than arbitrary) regarding free-water content of the fuel-(clear and bright
concept, limitation of free in accordance with temperature, etc.).

(c) in defining the problem, to answer the following:

L. Is the free watei "salt" in nature?

2. !dentify sources of water contamination-condensation (in fuel
lines, etc.) accidental leakage in tanks, shipboard fueling practices.

3. Requirements for design and capacity for containment tanks for
contaminated fuel. How much fuel must be disposed of before acceptable quality fuel can
be delivered to thecarrier.

M4 Whet is the "condition" of JP-S stored in the carriers' tanks? Is its
fuel - wuott o tbetter thp 4 it refuses t.ocept from the oiler? (Especially when its
own tanks are ballasted.)

theb Niiing system grin tion, etc., Itnotution-is beyond the scope of
th ifl inesigton

C Ued b4aicantD (Reclamation)

(i} Te- Nay".-wit efOlltsmnicesutilize an extensive amo unt and

cants areused, and steam turbine oils and diesel enne lubricants are used-for ships. Gasoline
power d vehicles ind gen fators have other petroleum lubricants. Each system requires make-
upjzv~quenty I 4 f :by regularmaintenance and drainae of the lubricant. Previous prac-
tices involved dumhping;burni6g, spraying on earth or sandy roads, etc. In view of.the pout-
tioh control progam, most of these practices are forbidden.

-421. : t Is recommen&e that a suny. be initiated (NAVSUP,
NAVFAC) regading exbtii' pratices at naval'bases, stations, etc., and ivestigte-the fea-
sibiHty (technica and economical) of refinement, reclamation, reuse, for the original purpose,
or by--cemit-.tamentto convert thejubcst'into-a useful product for other than lubri-
cationpurport Thestequiewicttin.esmce-is threefold:

(a) to define the problems quantitatively,
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(b) to develop methods for reclamation, rouse or resale, and if not feasible

It

(c) to develop means for disposal of lubricants without or with minimal
pollution problems.

B. SANITARY WASTE TREATMENT AND DISPOSAL SYSTEMS (FOR SHIPS)

1. NAVSHIPS On-Going Effort

a. The development of a candidate fshpbocrd sanitary waste treatment and dis-
posa syst m for U.S. Navy has been underway for several-yearm. The R)T&E effort has been
conducted by NAVSHIPS and NAVSEC with laboratory assist from NSRDL, Annapolis, for
thrfeleplications, viz., boats or small ships (40 man unit), ubmlarbe (study only), and larger
ships (destroyer and tender) for 175 and 500 man units to meet existing US. Public Health
Standards. Prior to proceeding with a descripfon otthe processes andtechnical problems
related to shipboard sanitary waste treatment ar4 disposal, a brief description of NAVSHIPS
on-toiria effort and its impact would oe benefil -

b. For Smal Ships, three approaches were studied:

(1) hlorinatormacerator-a combiritfio of emrtion for disopetn of-
the solids followed by hypochlorite irection for biological decontzmifiation-descr i in
MIL-S-24201B, March 1970.

prnciplescontstofdilfeciub at.adf~~tw~lidden Imi&

chemicals. None of thelibove Mppf86oahsw~~mdaMhtI. - -3 Jtomtc- otbercruainadfuhsse hs prto

c. For Lrehi two on-boA d treatmat awrbach have been ine ted
ald evaluated:

(I Te abans~om(Fist) Sy terinmpc Mh aniee tocbmical
I>4ytewtnsitsolb following-77W-

modules or ptoc .

-t ntr(b) Frohotstor (alo called- choroflott-7electrolysis of seawater
produceut* wo gas ouspidctzci ine for ditzftio n oxtio ofat ii solidsand hydrogen that enhances flotatimoof -  - - --- o&- -

(c) incerstor-froth flotation fmet isjoined with interceptonr olids
and incinerated. T- liq.d effluent fromihe-vhlosmnorator and sn- itmnkis dumpedia r-
board.

This system, desined for U.S. Public Health Service (US ) standads, may it meetthe
anticipated (January 1971) more rigorus Deartment of Interior-standards. Utdts have been
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installed on USS FiSKE (DD 842) and a submarine tender-USS CANOPUS (AS 33). A!-
though limited evaluation indicated meeting of the PHS standards, the system to date has
proved to bt mechanically and electrically unreliable. In addition, restrictions on discarding
pape- towels into the commodes are necesary, and long and tortuous. piping paths that pro-
duce slurdies or comminution, reduce ihe Aolid sept ation capability of the interceptor. Nego-
tiation s are currently underway between NAVSHIPS and the contractor regarding redesign,
establishment of performance criteria (reliabifity, maintainability, and supportability), and
modification of system components. Poor reliability precluded the production of significant
data to detennine efficiency of sanitary waste treatment md effluent quality.

(2) The FRAM System is an adaptation of the well known biological-dizes-
tion, activated-sludge mettiod of swage treatment. The system consists of the following coin-
pohents-or processes:

(a) Activated carbon ifltration.

I (b) Extended aeration, biological digestion.

(r) Bichemical waste solubilization.

E(d) Chlorinti oeffluent and pumpi owrboard

While thc.pfil iM .vaidtoe -st demonstrated a tudenc. to clo in th ac ted
a xbn bLed.- No furthA e s4ffic nt effort, wl be puw-aed by the Navy.

I d. For submatries-a NAVSEC study contrAct with the Electric Boat Company

I rmsuted in-Nthecomm-nT t -m-of -holdn sste ooant followed by discharge of the
wa e to shor sewae system or by barge.

a.ANASJScontact with-- Bo-ale ReorhCroato eutdi
V~nto be-followed, by periodkca renmvl bY

li~~~~ging~~o aho~t h ratet lnt ffstnysystem- nbe6 enhanced
by (oadurti m of the'hdoding pesid) by incorporation of one
or more of the following concepts:

: ": - :- (1) Reduced-fluahm with nonadad commodes..

(2)- Rcirculation of ftush,(as in aircraft -systeins) where the fluid is masked
,by-4kdye -adeddoart.

- ~(3)-Reduced-vohu=i Woding sysan where concentration of the fluid can be
attineby dsiain laftrtoetc.

2. Otba Federal Agency Efforts

I.Dep lTmMntsofAmy and-inteior--Wlue the U.S. Navy has been the first
asency involed and rionsible for detveopment of hipboad sanitary ewag treatment and
dispos ajstems, other agencies ha--, since entered the picture with separate development
progrms. Thus, the U.S. Arny (Corps of Engineer), in cooperation with Environmental
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Protection Agency has em xten~ive reseatch, development Wn demonstrAtion progmis (eight
projects siniuldtaneoiuy) currently underway. The.se are listed briefly as follows.-

(N Fiferator Unit-extended aecrobic digesion sy.9ein for 30-40 persoil.

(2) American Whp-"Blogest' -sso =n extended ae ciedigso toijytm fbr
85-105 persnnel. (Both units above us setig or hoding-tanks with chlorination.)

(3) General American Trnrt-GAIX-Siin to acatsrdcaa
dion off flush, evaporaton of fluid from sludgo, chemical antiseptic and deodorant, for 30
oersonnel.

(4) Micro-Floc-filtration system using multiple tubes with &ct~vatc4*aroal
filtration of solids and transport to sewvage dispoWs systeim.

(5) FRAM-biodgestion systemn with cham~al filter bes desCtibed in NAV-
SHIPS section l~c.(2) above-

(6) General Flectrid mfty-Eectro-coagultor-a novetapproach isbuled
(August 1970) aboad the 370 foot U.S. Aimy D edge-GERIG-=*emmodatS.A psn
net. The system cowsst of a *inde- rm ator prducn &tiWslny. 7
fed to an eketocoVgultion cell wher aceerated ilwlatgotlzndtooe

is chorinated. This uidt clsi m~w rn Ovaf plo*at n me.h nIrts(uiib
niarine nutrients).

to-) -nt~~~eieinefX HP1b(y 40

fo ta cfon tidea caOftactor so ne 67Nv, UI aqisTionj~bbcnta e T

peSrac n Apoit doubif diif tions wor" xvne4da owerteW time of 1

pheAs-RD&I contracts, mnom or es fixdepindonr of6Mr a~e~ nog~
planned pr*CWct Aiothe project being conducted jointly lbetwen the Coat Guard da
contrator, VALD&SPIN, involves an-~rbcd ~ yet. lh'htesse o

modiicaiondoemotpum dequte efI
22_%
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3. Uitd~ oi~km-&*u's-Sanitary Sewage

a. For manny years the U.K. has placed rthictions on the dischasW~ of raw sew-
ae inti the waters of the Port of London in Enland. lnfonnatkcia obtaied from the BMain
]Nay Staff, Washington, D.C. indicates that a bioloical digestion sewage treatrnent/Idisposa)
system is in operation aboard ans Australia frigate. Another biologcal system called "Nfe-
amat" is presently being instaled (recircuation-flush and chemical treatment-Holding

k System) on the Brit figate HM5 BRIST OL; ship's completion or launch is scheduled for
November 1970. This same system was proposed by its British contractors, for installation

a on the flX/DXG ships in 1967. The 300-man unit, mnanufactured by Porter:& Co. Ltd., was
guaranteed to produce an effluent which was equal or better than. the USPHS standards (same
as for FM unit). 'The loading for USN ships is considered by U.K. to be double the loading

I forHFM- imps;

Ib. Speciflckrns of the-Defecatnat-include the following:

Weigh ond Pulant --t- 310 g/ddry

136,000 wet-max

Sectkul~wer-14.S KW-

Ak "R~qukeznet-320 cii. fL at-presanevf- 7.5 lb/sq. in. for aeration of alud4ge

Spe-QU& SyA O R50 uias~n ed s-450ppt oonn-

ru- ~ijduphs lvmltansm am aailab. One of the mome promi-
saWis LSA YAROWs N~o~ui i~mtio syfanwhih feachemicals for assitance

an ir-rns alz IoIL laio oft auf small o ti ssemi
'ot-'a or-aoitdbmUAfrasectauiu boat. Actalshipboardpr

I tornnfto1Ks wacae nap- fW trtmentdsPoal systems were not vdal

4.- Rewonaibll66g of Federa Aenciea (PL-91-224)

4§ kr Dpurnn f Inulw.'The PA ktcoonvoftation-with the Coat Guard, U.S
A iyophi~jiiiiX iySisSse Comnmn "wil prwrzlgte Federal

tntopr~ormzio~toff mahhnnlmtl cea t prevet the discharg of untreated
S or )M-deqyn Vtitd sewage(hudimasbody wastes) into or upon the naigable watmeof

thet tnw vei l exri g vssecept vnsels not equipped-with installe toilet

ti alle prnst o pt-n to receive, retan, treat
ta~t ab*fTh ee z kdrecte'esxnilly to "equipme..nt

-D fepustn~ntTranonftkT he US, Coat Guard""l promnulgaze regui-
latin~blt~nt-#frsm~adreylve byEPA"governing fth drsig, construction,
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installation, and operation of any tnari.te sanitadon devicxe on-hboerd such vg'Is)*Te Coast
Guard will isse cerfliffleationte thttt the m arine sanitstion device pcefordms in accordance w"ith
the appropriate standards and regulations, For vessels owned and operated by DOD however,
the regulation and certification authority will rmain with DOD, and not the Coast Guard.

S. Brief Dcscri.,tion of ProcssesTechnoloxy

M01 ttogiel ro~css.

W.' Mio-organismns have the oapability of 1zontinuously metabolitinig and re-
iming dissolved organic matter fronm wastes. Thie rate of metabolism is govened by tcmnpau
ture, pH, and nutrient concentration. Aerobic orisi wat e diQw'N oxygn for metab.e
4aim;) oxidation is complete and carbon dioxide and wae mtefalproducfts. woi
organisms do not require dissolved oxygen, and msubstitute "chemically bound" oxygen
fior their metabolism. A-naerobic processe arm much slower, reuire, Lage equlpr-ent, and
are leas efficient than. aerobic organismi for waste remnoval. In the "log-gowth phase,"' organ-
ismes row exponentially snd remove dissolved nutrient at a nmimuz -.ate.

(2) Fied bed iinits (triclin f1tiJ9, fluid be*d system (activted sludge) and
various modifications of these umc utilized in biological dipstion of diwM' waste9 and arc
decribed brieflty as follows:

()In trickling items ormni wastes are continuously passed over packed
media;, micro-organism grow into a gelatnous was adherig to thes rdeda. zFutens and

isowdm i s M eded aqd m unhe r rem btdcr diwosd oftyadtab *tionsepi
(3)dby ai&pi Wbe rby ceatct tbtbtstioe 90 cterleatnt& ude w

the bkooca 4igestian system consist generay of -the- fo lawi.nodukes or subsytem:

Contact tank. cbArer, iteeration tank, sludge or aerobic digester, Mdulr-I
nator, and drying bed.

bility- is liited and reukcs clos coftr4 of tdemto ouj *dpstln
chMcqteritL COO* eelymx aciaed -V -bsyspaw-providiga

bmottitto imnediat contact with the -okpniu mainS and *wk load0 atc *Ofe ealy
haddtecaus the waste loed ix diapaed tbna6 ot thwe--rr Wa onlatw

with a pzesAned, reinforced organi polymeric merebrne to provid u~traitraion. The I
membrane loop is claimed to filter out all residual =V~ended wibd, a ubstantWa fraction offi
the resd ual DOD, and Pra cticay allI the ccobifomn (E. Coli) bacteriam from the ejfbcn t thus
obviating teffluhent chorination prior to dbschre Vaou ne-ys sioifctin
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have been itroduced. These inchide, the modified trickiing filter where the bacterial growth
is suspended in the recycled effluent rather t1han attached to theifilter nn ia; the mech ; H~y
rotating biological contactor where microbiA films developed on the surface of the rotating
discs

(5) Bioloxical digestion systems can be made very efficient for sanitary waste
treat~ent. The major drawbacks cied are: relatively larger space and weight requirements
coinpared to chemical and electrochemical/mechanicai systems; and the longer lead fi-ie for
initiation of action. Reeent efforts are claimed by a contractor to T-du.ce the time ofl biolog-
ical digstion by opitimization of the temperature of the reaction. In spite of thewe short-
con.ings, !he United Kingdom utilizes biological digestion systems . for both commnercial and
triitai, &hipboard use.

b~. Chemical Processes

(1) Chemical treatment of waste water involves the addition of chemicals
(either directly, or indirectly by electrolysis) which will effect one or more of the following:

(a) Produce a flocculant precipitate and acclerate sedimentation of settling
of-the susmeded solids&

(b) Releas of ions to oxidize the organic matter and reduce the BOD.

(c)j Disifect the water effluent by killing (reduction of viability by b04
to 106) micro-organisms mainly, but not limited to bacteria.

(d4)-Colorize and deodorize flush water recisculation systems.

Cbemkca treatmnt systems =r receiving considerabie interest, atftbutablc to: more efficient
chdmidals at low*Fcoaf;btterukowledp of chemical reactions involved, and in conjunction
with recent innovations in electrolytic and electro-mechankcal approaches can provide jim-
proved and compact methods of handling the sludge.

(2) Exan.ples of the electrochemnical and electrovechanical modules in can-
didate-sanitary sewage treatment systems are the Fairbanks-Morse systemt presently being
evaluated on the USS CANOPUS. and the General Electric Electrocosgulator intended for
--teU.& Army dzedge, the GERIG.

(3) An exnple of chemical treatment w!tu electrolysis is the Ultrady-
nmic* kpioratibn system This system employs a mixture of 5 or 6 water-soluble inge-
dit. caltfd dUllUadionMix" and claims't provie the following;

(a) Solution dl' chemical compounds produces an kjniizable coagulating
effect upon organic collolds in the wastewater.

(bv) Poros nminel process absorbent and adsorbent properties

(c) Oxygen is liberated to partily oxidize the organic n.atter and mainq
I ~ ". Wmrelmtively high diwsoved oxygen contentA of the water.
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(d) &cirocidi o)r antiseptic effe~ct (which would be les effective thanm

(4) i the uitrauynamic chem-ical tretment system, the wastewaler is screned,
conuninuted, and n-Axed With the proprietory chemicals "Ulsrad-ion4AixYt "The floccuienWt
mnass is separated in a settling or precipitation tank and the sludge is vacuum filtred, and
dried. Ultraviolet light is used to, disinfect the effluent.

(5) lIv the chemnica processes described above, the sludge is relatively easily
disposed of; the vacuum dried sludge and/or the icinerated ash by lend fil If desired

c. Criteria for Performnsce-Analytical Tests. In estimating the eff-iciency of a
sewage treatflkflnt process2 certain terme Wqeuantitatively defined. The principle terms and
their signficance are descibe-d as follows:

(D) Biochemical Oxygen Dcman&_(BOD) of a loiq defed a them quatit-y
of oxygen required for the bioc-hemic-4 oxidation of the decOmposable putter-usually per-
formed assa test for 5 days-at 2( C Thismetaasureorindex of oxidizable (suluble and colioid-
aguy dispersd) orgaic subsances ft.A.,Akr- wrsf-no' nt ohfAon ____ _

dissolved in the water and required to sustain animl life. The BOO has proved to h'e fti beat
singl test for measurement-of sewag tretmenit processes ForitX. Nayy app~cations. a
BOO loading of 0.20 pounds per mart per day which is coisderabW hi&er than the analojous
IL loading estimate-Isawmed. Prestnably this due, to thaype -and qaitwy of the U.S.

diet.

(21 ~~te olis-Tereare various clmmsficatinasud hunm sanitary
rwap aabdk-pendpd or diuohed-fixed or volatile (at 600C). Suvended solds we

mentS

(3)KO~ o Colform nisoCOfmry-Sewag contains avatnlwt6

out-breaks becaus of coastal polto;Clfna(UeihaCc) are mamain in
tine- bitei whoepre te ithwaternctesnamla(adhmn xat o ea

ece is use as an index otpeec of path&b Califormi auuall reportd & the
MPN (most p.robable number) by-one incubatinmethod or measured by a rvltiv, - new bac-I

teral e~bnae iltr.Chlorination is nonnally- used to destriy llformas of riero ;orpnss

(4) £Iydrau l La I a inure of the 'water consumption which emupties

per day is assumed. nTis does not include showers and other use. For dtore or advancewd-
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(5) USPHS (US. Public Health SencfS!na's TeUPT tar
used zs criteria for tile firt candidat(SN shipboard system- performance aedo ffun

qu Miy csistedj of theO foloing:

flOP- <50 mg/iliter or pp~n,

Suspended Solids- < 150 mglfitier or ppma

'Tuas cnitelta for the anticipated next-gnra tion hibadsewage trearment, dspij,

sysem, the following11 specihcations wer forulated

Critri Loading Efflutien t

Polpmg (II 600 <50
Suspended Solidsz (g/i j0 SO80
Calilbrm (.MPN) S;;240/1i00 mi

b. Concluw~cns of Present 'Mvirnet.Te following conluslk. may be derived
for U.S. Navy shipbhoard sanitary sewage syse de'omeJ.o ae

aMany approaches have either bee-n investigated and elutdor proposed to
sAbethe Problemn.

b- eea basic pdRinples have- be~en devloped and tested in shor-e facilitie ta
appear capable of providing oy e.xceedinpg seOndarv swa tratment. Thet pricpe incd
aeobic Wlc01al0 digestion and ch elmicl trtet, with various mdifications an'd auIlir

compoents-lectchemial, echanical, etc.

c- Softwar su'dies ifidica-te development of On-board holding syste-m and
methods have advanced to, increasged efciees

d. UJp to rt prsent, nrO system irsbeen satisfactorily develeped and demon-
stzated on an America ship ith favorable rlaitY, maiinbility, and fun-ction4al pep-

7- rbe eiiinIndfnn h rki one must tAke into account th-e
diversity of chcurintes that exist in Navy hiips-constrtctic- andperatoni whc affec
the choice gadeig ofta potetal %eaesye.Ths uibericue

a. numberOf de&"4fOr DD),8forAS, I2 fbrCVA.

b. Location of WCs3-in newe-r sips they. are supe~rimpsed in dler pn
definite vertical aignment.

(For a. and b.-the longer and more tortuous the lines of W*g riae hegetri h
tendency for disneracn of the solids.)re ! 1vz

e. -ShipherAthinlg-nesthig. docksie, at uy

& aiity and pollutio-n levelsofotsawte



e. Temperature extremes of ports of cab-arctic, temperate and tropical.

f. Size of rew complement-units constructed for 40, 175 and 500 men.

g. Types of ships-auxillary, combat, etc. with variations of permissble space,
weight and power.

n. N-w consiuction vs modification and installat.iz into existing ships-hydraAc
loading on new ships can be substantially reduced by separation of showers, wash b.sins, etc.,
from cummode drains. Because of such veritions. it ih difficult to conceive the evaluation
of a single ship sewage system which can be both system and cost effective.

i. Variations of amount and homogeneity of loading (BOD, hydraulic, etc.).

8. Requirements, Objectives, Techniczl Approaches. The establishment of require-
ments, development of quantitative objer'ives, and recomm,.endation of suitable techiMal
approaches must be now applied to a program whose projects are being conducted on both
parallel and sequential stages of .:,eveloprient.

a. Performance Fametcrs (aLo see Section Mil15. Tte installation and utiliza-
tion of any EnvironmentProtection System st6uld not plac,. -y unreasonable burden on
ships' personnel nor -egrade the mission effectiveness of fleet imits. In deriving quantitative
objectives, an in-house study should provide meaningful reliability, maintainability ant -'-
portability criteria which may have flexibility accordingto the type of ship involvd or time
spe.it in port. Regarding functional performance criteria which affect the effluent qmlity and
determine the systems' compliance with existing standards the same three essential ingre-
dients evolve:

I
(1) Biological Oxy en Denand. j
(2) Suspended Solids.

(3) Colform Forming Units.

In determination of a candidate system's efficiency the following parameters
must be included:

(I) Hydraulic loading-gallons of water consumed per man per day (g/m/d)-
this could vary from 25 io 65 g/m/d.

(2) Total waste loading-weight of Beu and solids per man per day (ca.0.21b/
m/d) with pruvision for peak loading. Difference exists bltween U.K. and U.S. Navy on this
figure. U.K. being that of U.S. In a. and b. above, the concentration of the load can vary
without any variances of load charge duc to hydraulic variations. In determination of effi-
ciency as Loverned by perent reduction, classification must be made ad resolution to dis-
tingaiph between averaging, integration (loading change integrated over a period of time),
or dynamic, zo as to respond to peak loading phenomena.

(3) Conxrois-.Statistically valid measurements of equip-ment performance must
take irot account pre-existent pollution. For example, aboard the USS CANOPUS, controls
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-~ aut be run in the polluted Holy Loch sea water alone before the performance of the lF-M

units can be quantitatfively determined.

b,. Short Range-Existing Sltip-Systew Modifications.

(1) For the shor range problem-making availtble as rapidly as possible a
shipboard sewage disposal system of meeting or exceeding the USPHS stafndards-of Course
refers to the F-M system presently installed on several Navy shis. Negotiations between
NAVSIPS and the contractor have been held pursuant to redesign of the system and estab-
lishimerit of relibility goals. As explained previously, this project is a 'nigh risk area-utilizing
components of a system. which can never provide optimum performance (interceptor separa-

K tion of solids from Rlush water is poor when the entering fluid i13 a slurry) regardless of en-
hanced reliability development. A trade-ff analysis would indicate the feasibility of substitu-
tion of another module for the interceptor stage-a module which depends on comminution of
the ;Ods for proper performance-as an alternate or simultaneous investigation for the FIM
system fix. Modules dependent upon impro, ed flocculation and coagulation and accelerated
lettling of solids, even under ship's motion, should be considered. Exarrples are chemical
t. Uurd2W-1i-MiX)an &M~ rohmia (%jr rcrrocoaguiator ow use of A! of Fe anodes).
It would appear that the explosions experienced by the FM system, most likelydue t-o hydro-
gen ertreoped in te froth from the chloroflotator must be eliminated. The potential of a
partial Ykcuu over the chioroflotator, to assis the escape of hydrogen bubbles together
with wt explosimeter probe into the air duct should be investigated. The partial vac-uum may
further imnprove. the chloroflotator by enhancing the buoyancy of the hydrogen bubbles.
Another alternative would be the addition of a module to the .inal stage of the liquid effluent
to impro ie It s quality and provide a degree of flexibility in performance-which is not one of
the FM unit's -virtues. This added module could include available membrane technolog for
water purification-revers or electro-osmouis, ultrafiltration, etc.

(2) Regardless of shart or long range-solutions of the sanitayy sewage' disposal
problem the establiaimedtof-realistic and meaningul criteri and -standards in cooperation
with the regulatory agencies should be based in large m easure on. the present state-of-the-art,
equipment, and available technology for existing shins.

(3) In attempting to define the Exploratory Development (6.2) and Advanced
Development (Z.3) portoms of NAVSHEPS' saitar sewage program, within the constraints
of funoing, time, and re.-ources (facility and personnel) availability, the following points are

saliet. o. Exploratory Development (6.2) Long Range

(1) A concept for long range solution of ship's overal wastc problem-inte-
grate other wastes (food, industrial, etc.) with sanitary wazte. This ptinciple, proposed by
NAVSHIPS, must consider priorities and comjpatibiiy of prospective modules and not be
restricted to Biological Digestion.

(2) The 6.2 program should be; limite to laborat~r studies and investigations
of basic concopts or principles and determination of this feasibility of being incorporated into
a ships' system. Relatively now princ.iples nade available to sanitary engineering could be
literature merchva i-;' Livestitated underr controlled and simplified conditions. These 1-ciude:-
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(a) Membrane technology-electro-osmosis, reverse-osmosis, using clIu-
lose acetate and other suitable polymers. -4

(b) Chemical and electrochemical coagulation and flocculation; investiIa-
tion of parameters affecting size, charge density, and concentration of the flocculants; choice
of electrodes (Al, Fe, etc.) which have a profound influence on the coagulation and settling
rates of the suspended solids. In close coordination whh .,d perhaps sponsored by EPA to
investigate the fundamental process parameters involved in using synthetic polymers, poly-
electrohN es, and other novel surface-active chemicals to improve flocculation, sedimentation,
and ce,,itioning of sludges,

(c) Enhancement of aerobic biological digestion using modified trickling
filters or mixed activated sludge treatments. Effects of temperature and pH, and nutrient
concentration should be optimized. Feasibility of addition of recoverable enzymes (such as
cellulase and proteolytic enzymes for cellulose and proteins respectively) could be included
in the 6.2 program. In dealing with the biological digestion process module, the following
items may be investigated to eliminate or miimize its inherent deficiency (longer lead-time
required to start the process):

.. Feasibility of culturing the aerobic micro-organisms (brackish and
sea water bases), store as refrigerated slurry when not required, and with I or 2 days notice,
incubate to "log-growth" phase. When starting, the biological digestion module, approximately
i day's travel from port of entry, the incubated micro-organism mnass can be added- to the-
module under favorable conditions and proceed almost as if the digestion process has been
continuous.

2. In lieu of the enzyme addition, coftider-thwfeasibility of thezaddi-
tion of thermophilic celulose-digesting bacteria. In order to be practical, the mixed colo-
*ycies should both digest the cellulose and ryroduce rapidly. It has betn estimated that a con-
verion rate of 0 gram per liter of fluid per hour is a desirable goal.

(d) Determination of feasibility of development of realisticsitlants in
lieu of human wastes for laboratory and small mockup investigations.

(e) Investigation of certain commercially available modules (not systems)
preferetially of a single process

(3) In the submission of the Form 392s from NSRDL to NAVSHIPS ad
the latte's DD 1634's Task Area Plans, the objectives should quantitatively sfipvlate the goals
to be achieved in a frie (5) year time frame with a realistic funding estimate. The goal should
specify-effluent quality of module concept based on dynamic or differential rate of loading,
integration, hydraulic %%d limis, and any other functional parameters requimd-to properly
evaluate its feasibility.

d. AdvancedDevelopnment (6.3)-Intermediate Range

(1) For the 6.3 of Advanced Development Program, at eat1 75 percent of the
scope of effort should have advanced beyond the exploratory or applied science stage. The
63 pmgram of necessity is addrtsswd to the military, technical, and financial feasibility of the
concept being incorporateinto a reliable shipboard system. This progrm would thus include:
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f(a) Evaluation of modules which have been nfined or ertered toward
Koperational conditions.

(b) Coupling of individual modules in laboratory tetting where each mod-
ule represents a distinct and important piocess segment of the aystem concept. Compatibility
and interface complications of each module are determined and solved at this stage.

i(c) Scalingiip of laboratory mndule subsequent evaluation to simulate~shipboard conditions.

(d) Under unusual circumstances where definite and dependable data of
performance are available, a candidate commercial system, whose principles of operation
and concept appear compatible and suitable for marine service, can be i.lud d in he 6.3
progan. Full laboratory and fhore- testing must be cemplete to consider feasibility and test-
ing in the shipboard etvironment.

(e) Design, fabrication, and testing of demonstrated modules, geared to-
wiard shipboard environment& conditions,

(2) The final phase of a 6.3 effort would normally include a realistic trade-off
analysis (and a concept formulation) of the competitive systems or module integration and
the decision- as to whichteffort based on cost and system effectiveness, time, priority,-etc.,
can properly advance to Enginneg Development (6.4).

(3) The candidate systems to be critically analyzed migh fortuitously be a
complete system conceived, designed and fabricated by a contractor (of either on-board hold-
ing o-on-board-treatmtent) or-a-hybddization--anint-gationof optimum functional modules.
It is, -unlilly1tbst- a ne sste- concept would botappropriate for all .hip typw On
thi bads,:therme-w ldlbe:a requirement for development, evaluaton ard conceptual MIdity
of sew systems optimized for each ship type, with additional R&D effort ' nted toward
standarization and interchangeability of these modules as in electronic Astem t -dircuit
-functiowamodule. The-emltantsystem concept should have a Sood meai'r or lexibility
of pigrfo mc n enia-inheit within-its dosigtopren bcienhae eaiU
to rmit new and-upgradtd-effluent quality standard. This flexibity could ncevably a-
duet-a"pollshing-unit' module-developed under 6.2 program or commercially vaille.
TechniWca areas of high risk should be so addressed and identified by the S-YSo -

e. Coordtmation. As exprmed earlier, it is strony recommended that more ex-
tensive coordihon be effec-ted between ,h-Navy and otbeerd W al apncies 2nd depart--
mnes,-with amore thorough him-sfiUtionof extngtechA and state-of-ihe-art of both
domestic and internatiofa efforts especially f Q UnitedKingdWm. SpW lattet.ion should
bedirecte to the Depamentof lntrir--fflce of Saline-Water for membrane tech wogy
applied to water purification, to EPA in Waign, D.C. and to the regloi lboratory at
Taft Engineering Center, Cincinnati, Ohio. Additional effoit should also be nade to incor-
porate the'basic s6ience, technology, =4 engineering efforts of NASA for human waste treat-
mert and water rnclanatiot.

* =-

, fI



C. SORE BASED WAT E AND SAINITARY SEWAGE DISPOSALiTREATMENT

1. Advanced Base Integrated Water and Waste Managoment System

a. P_.run& Naval Advanced bam a r often locatedin remote a und ei-
developed areas of the world where water %upplies am minimal and of poor quality. Even in
remote areas where adequate water supplies are available, developm nt of the n.rcess&y water-
works hcilities is often very difficult and expnsve due to advern-lbnatic, topographic, or
gologic conditicn& Contamination of groundwater supply source i also a common prob-
lern at advnced bases An integrated water- and waste-manapement system is a potentially
attractive solution to many of the problems associatod with watersupply development and
waste water treatnent/d sposal at naval advanced buses In aua oftmfhmm watcr supply or
high contamination potentiaL With an Integrated-water- andwaste-nanapment system, the
highly polluted waste strearms containing mixed uxinan4dfeces ar, 3geptd from the baser
polluted waste stteams fr*m the galley, showes, laundry, etc. The concentrated waste streams
are generally combined with the refuse for ultimate dispoul, and-the lessr polluted wastestrams are treated to potable witer q --lityand-eac ed fark-us- t has only been in the

last few years that dirt recycle of reclaimed wastewatts hadeveloped from concept to
practice. Preliminary effort to develop waste waterreclamation systems fr military applica-

flnhave be daceA ~twsekatnl t.4t..tO.Ar....... .. tW

(MUST)lrograr. Although VeMfeffectveforprdijpo-ablewater, the MUST waste
waterreclamatlon sy~sem-is too costly-b -co xlor nstheust at advanceda The

&dwveopment of a highy cost-effectivresysAt"vintat end wastemanWrment
system for advanced base application would esntifl alleviate the water supply and water

pouttiorm T mIW . r -,d

- -- -- - -
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m ade an alyses of the problem tgether with a cost and systers-liffectivenoss study of 21
901commercially available systems of anitary sewage. It was concluded that three possibilities

exist to hnprove overall effectiveness by integrating selected components or modules of exist-
ing system inteo a single unit tailored to the specific requirements of advanced bases.

b. The ultimate approach to effective environmental protection will be the
Integratin of this sewage treatment dispc.zal subsystem into a comprehensive water- and
waste-maanagement system where the water can be reused. The recommendations for tech-
nical modifications of existing systems and expansion of the RD&D program as submitted
by the BMI report appear very realistic.

c. The recommended RD&1) progrdrm consists of the followinqg three sequential steps:

(1) Adoption of a highly cost effective, commercially available waste water Ireat-
rnent and disposal system for incorporation into the Advanced Base Functional Component list.

(2) Development of improved waste water treatment and disposal syste'MS.

(3) Develovinent of an overall water-and wtenaagzntsystem for Ad-

vanced Bases.

D). WATER POLLUTION BY INDUSTRIAL & CHEMICAL WASTES

I: I.Problem-Definition, An extensive amount and variety of various industrial and
chemical-wastes are emptied from Naval shore facilities and ships into inland waterways and
harbor areasi--th eitherjniniinal or no treatment In the absence of a suitable survey to quanti-
tatively ientify the magnitude of the problemn and sources thereof, the fiollowing items wre reported:

2; Thozo0Japldic 0tericals, The Naval Photographic Center (under NAVMIR
Jurisdiction) diiMscas approximately tan tons of chermc into the buflding's storm and
sanitary sewer lines each month. These -sewer lines lead either to the Anscostid River or D.C.
Treatment Plant at Blue Plains. The chemicals which do not uinderg treatment, include silver
(AS) salts, formaldehyde, borane compounds, awl ferriquaides whtich are particularly harm-
flul to marine life even-in low-concentrations, thus polluting the river and degrading the sew-
a-x' plant treatment-process Aircraft carriers and submarinc. tenders als6 have photographic

-F-'a rhe ter-dars, two photographic and one X-ray shop dispose: of their photo chernI-
cals through Maglar wa-te, also without treatmnt. -Mobile field photo-processing units now
deposit used proces chemicals and wash water directly in local steamsn

b. Electroplating. As with photography, Naval forces ashore and afloat possms-iextensive electroplating facilities. Cadmium (Cd), Chromium (Cr), Silver (AS), copper (Cu),
and Zinc (Zn-galvanize coating) operations are quite common, with Cu and AS having the lowest
level permissible criteria, For anions, cyaoides represent the most toxic~ variety of water pollutant.

c. Acids.A-n subniarne batter overfuaul situ repair operations, the tenders are
fitted with specisl-Jead lined pipes and sinks; the sulffuric "ci electrolyte howeer 1 is dischawge
overboardi without any treatment, Althouigh seawater has bufferin action characteristics, rite
extent and nature of this acid dam age to the water environment must be quantitatively
assayed. it Bun leudk. aiad the AQM(37) Aerial Target Drone, hypergolic liquid pro-
pellants are ued one of which is th,- strong oxidizing -rd fuming nitric acid (RFNA). In the
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even,"o WCL j l a oard -~uship, the unit isdumped oyar or aeytR'~
saeyto ship and personunel isimch kigher priority th-an the water pollution rl ben:

d. At various Naval Air Repair Facilities (NARF) there -is A-. extensive AmGUft
of aircraft cleaning, stripping, etc., involving chemical treatment of aluminum and Ia alloys
(MIL-C-5541 A) and cleaning materials for Naval Air Systems ?AaintenAnce and O0ehau
Operations (NA VAIR (07-4-503). These chemical treatments invoive~he- use of chrbimic and
phosphoric acids which are difficult Pto treat for removal int sewg, eamnxit& N-
truitiatidn only counteracts the acidity at does not ellininate the anions-from ft effluent.
Chroniates must first be reduced by a chemical compound, tollowed by peiiain yial
with lime. NAVAIR (R&D) has attempted to find a suitable replacement for strontitumlie-
-matt whxich is 20% of the composition of their standaid-Navy aircraft anticorrosive prie
(MIL-P-23377). However, to date no substitute even approaches the efflicacy of hmonie as
a cathodic inhibitor. Although not in acdice fort, a cor_ derable amount of chromate it. ulso
used as conouiondinhibitor in-various-ship tanks that hold seawater, such a bailast tfnks.

- and -~ m~ iteenaused-xfmlaurgry purposes-onatA or -an>eignty pet-
cent (80%) minimum biodegaC..ne aietergnt with a twenty three percent (23%) polyphos-

phue mnimm. he airprol-a atpreentapparsto e phoephat (nutrient for
algae); the effects of biodegradble detergents on marine ecologica systems have no t been-
dearly astablished. Edison (NJJ'lab of EPA is investigating the effects of chemical dis-

prtant (as oil~~~~~~-water &inuMIWS) prior to panin aprvl-o same*-todigt
CDR W. Lebrof teCoast Guard (R&D) in his recent trip to-Eurpe,-the_ French reportedly-
hae ta arous degrees bttoxicIyof bidgaal trstt~h In-f.A

QaTA)rfor ;5% ofthe phosphate Untilsuchtim as-technoloy aufi icietl avrrdt
makmltbl deergnt nfh~a~hcoimctra quntt~e~tnBPat*asthe FTC

operaio -nd i. emtneenrinneaterp.n T ulo orrneIcudsttuo

to eliiateth mectvepront t bst tiix limPited availabl coiee txisdoumbtfue
ficatiom ~iv~titi whfc wa4rdc hcwo n nh nibitor oetrtion troble coldte lfced

& wmy-irrenAd.to-quaicttieldfnce- to e pwbkmsad abovutue, DApd



b. The basic and most advauta-eous poli-cy in Environrmntal Protection is one
of pollution prvetion to be enhanced by resurces conservation. As expressed in the NAV-
ORD suhmission and in some of NAVAIR'4 projects, the prime requitement is the R&D of
materials, procedures, and equipments for pollution prevention, reclamation, and reuse or
resale of the items.

c. in photographic processing, EPA is sporsoring a major RD&D project at
Rochester, N.Y., for chemical recovery. The Air Force Weapons Laboratory (KIRKLAND
AFB) is invstipating liquid photographic waste treatment. Membrane technology and
ion oxchapg esn availability could pro-ide the- basic approach of purification and reclama-
tion for a majority of the chemicals employed in both photography and efectroplatng. Tech-
niques initially developed by the Navy and, subsequently by Interior (revers osqnosis, electro-
osmosis, electrodWysis, ionic membranes, etc.) for water punfication are very well applicable
and.fewble toward solutions of the above problem& Electrolytic recovery system for the
valuable slvel would also appear pomis ng. Modules may be required (based on the particu-
t-r SYSCOM appfication and investigation) for treatment of contaminants removal of con-
tadwmna rclamation of contaminants, or rpus of water where the le-el of contaminants is
reduced without affecting effidecy of theparticular procem-all dependent upon economics

d. For shipboard applications where space requirements are more critical, the
feasofity of continuous ion exchane, a comparatively recentdevelopment, appears to have
considerable merit, In addition to the lower space requi reent additional advantages claimed
are rduced capitol inAtment and reduced regenerant chemical consumption. Ion exchange
rosins can be selective-to remov.- toxic poduca such as cyanides, copper, and chromates; for
recovery of precious-metals-and-in rqmwnertion of metal trfface treatment and electroplating
baths.

e. Raw~einet also exists for the R&D of new chemicals and proesm for
cathodic protection o et Pals d lea toxic or easily recoverable corrosion inutors, whether
organic or inoranic d tie i low concentrations, which would not be hamflul to frih or
to maxine biota.
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MV AIR POLLUTION

Ak INTROt*JCION4

I. Mdthough sevendA aspects of the Environmnental' Protection problem art rel&te
to preseration of aesthetic beauty and resorcecnerain air pollution ini te main is
concerned diretly with the health of man ahid his environment. -hese efftcfl, togethermwth
Uiose affecting combat effectiveness, will We refenned to iiulhe listingtnd sorce of air pollu-
tants. In the description of atmospheric pollution-, the- n'opmphere, rangng in-atitude fromn
wa level to 30 km (avg), is the rcion of Wnerce-t Tis reionha th6-gnatest turbulenc and
Amospheric pressur an d fth highest Conentiation -of pollutats. -

2. Air pollutuint emistamtustamgy categorized-deiertyby rtdoa

sources Mobil souices include aircrft, automobiles trucks,4 mn~rosttrwalindlln
systemottlizing flkuetcibtiot~i e~te Stationatryiorsicuelaietn -
ponplfdilp and a c chmical aindsra lns(in obsinpo1c

nature and extent of air polluta contteby-the more contm.on mobile Msaiiw
$a
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3. For Nz-val application to mobile 'nirces, the r-frne contributors to &d igoliu-
ion are aica-ft and vehicular engines. These co nist of eyhgus emission; tue! evaporative

4emisson. and smoke ewdssions. For further clarification, the chemical clasification of air

pollutants is included as Table 4. The concentration of combustion product emissions are
sronWly affected by type of operation (idle, take-off) and by air to fue nixtoure ratio.

TAIl 4
CHEMICAL CLASSIfiCATION OF AIR FOLLUTANTS

I Major Classes Subclasses T

I Incern gases I Oxides of nitroaw Nitrogen dioxide, nitric oxide

2 Oxides of Sulir Sulfur dioxide, sulfluric acid~(S03.H20)

3 Ok.her inorpanic Ammonia, carbon monoxide,
chlorine, hydrogen sulfide,

F 1 Ornaic Ems IHydrombonz Ukrze, methane, butadierc,

5 Aklhydes, Ketones Acetone, formaldehyde
i 6 Other organks Acids, c.hols, clorinated

-- Ihydrocarbons, polynuclear
7' o Ij aromatics

j7 Atow!s Solid particulates Dusti, smoke

S Prticulates Fumes, oilmits polymeric
..... ireactio-prodects*U .g.P.H SWa=-PnH937. --

B. FEDERAL AGENCIES-RESPONSIBILITIES AND PROGRAMS

1. Federal air pollution legislation has consistently pointed out tie primary re-

sponibffity of state and local goveninents for pmrvnting and controli air pollution at its
sour ce, With the Department of Health, Education and Welfare (and its National Air Pollu-

-Itlion CoutrolAdministration) as the federal ency of prime responsibil ity, the federal govern-
ment provides "technical and financial assistance to state and local governments so that they
can undertake their rsponibltfis' Under the Air Quality Act of 1967, HEW publishes
technical information on control techniques, air quality criteria, and finally, standards for
th- pollutants that HEW considers harmful to health or welfare. The Clean Air Act, as
amended, is the legislative basis for the Federa air pollution control program for new motor
veluclt. It should be pointed oat, however, that because of unique environmental situations

= and keen anticpation and appraisal of the potential air pollution problem., Caifornia first
provided air-po lution legislation, as early as 1947. Thibs state has taken the lead role in the
nation for-most stringent and vigorou, air pollutant standards-most visibly demonstrated in
gasoine-powered vehicle tmissions, and reactive organic compounds used in industriA pTVcN
ess , etc, Another cae i point-Federal standards apply to new vehicles only-California's
stndards are applicable to all vehicles, new or used, dependent upon year of manufacture.
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2. A anexapleof h4 cop an repo iliiesf~hcs~gcnies involved in
mnobile grnrco air pollution- Appeice A and B (take*rn NAPCA PUJBL #*AIP66), Ui0
the programs to-redeo emissions sponsored by federal WgeniCie anid NAPtCA re~eti~Veiy;-

3. The Air Forcehasexpanded theoptof thefr-Aircr.aftEn~ine Emissions Rfr
seach progm, in FY 1971-4"Undinges-tixnate of 6.1 and &2 is $7-0l mfllcn. Their problem
are-ms and the areas of interest are listed as follows:

a. ('henusty-

(I If) 11gatiude photochelea procesas and aerosol vproduction. of aircraft
gne exhaust3

(2) Detectors and diagnostic instrumentation for determining exhaust spcies.

(3,1 Qienisiry off lames

(4) -tacive& omd y1ja#nbnl-vvcnhn.j

(5) Catalytic- for reducig undesirable exhaust species.

(6) Surf .t chemistr involviPg jet engin produced aerosol, surface coatings
and-prvelttdpdkki

(7) hitM" lion of. the iphibitin and promoio of hydrocarbon combustion

t EnrvyConealn-Wblehii d Area of inteflst.J

(2)(itemicl kinetics of comnbuifon.

(3'Fud dnncee rnfr

()Cornbusti4m ni oftongnu i eeoeewsses

4. Akcaftnnsuioit~mee~p are ebijn the ofcso ie DOD Th.immeatl-
Pofluation Contro Commtittme A~typical exrnp"leha2 Mar170-m rneth -astendeidty
NACA (federalI fauiie M-oft oStd4)DOY(Surgor- n. D J-B) Aww (ACn Prop.
R*D- ACSIFORt, Nay -(NAVFAQNVAR) andthe AIRFORCE CAPOIE; AFMP;



. OBILE SOURCE-ENGINE EXIIAUSTr EISSIONS

1. A ireft P uiss and Requirenments-. High perrmace airc-.aft u.'sd hw the-'
military hawe unique problems of noise-and combustiouproduct tmissions. MiMTWry oprations
reften require higher jes velocities -speed, enigine temperatures, apd altitude in addifion to use
of oxotic fuels. and afterbl-eyss. i ke their civiliani countrparE, miitr je icraft are also
being subjected to fuel additv R&D to reduce visible smokze exhaus!. The emisic-ns, azide
from th e zesthetic sense, hi-ve a decle terious and d egrad at ive eff ect on fl, ght crews -%q d Surp-
Port personpel in terms of health, welfare, and their combat effectiventess. Many R&DX pro-
grwis are either underwa"y or planned amonig federal1 agenCies, inicluding DOD, ico und=erstand,
characterize, and identify the emission phenomnena, and the interaction of the eission with
the atraosphere;, atterrpting to find ways and mneans to control siuch Emicssions; and ultiviately

fdngthe whereNwitMa in reseaCh and technology to abate them be',ow Lt leve: of poillu
tion index (standard) and ceeded safety enrironm ent- All these objeciv-..s must be aczhieved
without any decrease ha mission-keeping effecti'eaess or ski Lan ncrease of cost.

a. Particulates (Smokes)

(1) Problems and Requirements

(a) The main portion of the soli particuates emnitte by combustion cit-
gine ednists primarily of smoke or carbon pardicles. For aircmaft turbi ne engies the size of
fth particles va.nes from 0.3)1 to 0.1 rncrometcrs. f~or aircraft piston engines the ernission

particle size= are about equivalent to automotive engines., ini the range of 0.02 to over 1.0

compr0 4 lqgniti esil engines pioduce a agicntly higher concentration of srmoke.
li1w -koke partics-ae a conseque=c of incomplete comibustion and o xidation of the fosc.

(publc 'lu Prolems ssocated wihparticulates are concerned -.,t aesthetics

(pubic nnoade), edu6rdvisb~llty for aircraft operationai ko a h-prbei
Sin ce tnhe parice &-re mal ,- th eir bteffity of c ntra ncos an d ab sorpt& in in the rcml i rato ry tra ct
of muan is neafly optimm. Because the carbn jariices have high Sorption capacity for nui.

sanc vaprs (~l),t edimlhar-ds cannot be: ignored. The toxL-ity of lead anid lead
oMptonds is fairly wOU sabihd Operationally speakingl- the lisble exhaust emission
from turbine engies p~snsan obvious tatcal pinbiem. to tht Navy and Air Force

(c) Requirmewnt. A basic quirement fo4rnaval aircraf t is an engine vpeT
forinance with no visible smoke exbuA wi1thout saciffice of overationa. --pabilty for7 bath
combat effeetivime m environmental protection purposes -Pis req~uirewiet is inpie-
niented ito sptedfcatioriafor the ujew F14 aircraft and th- proposed heaylift helicopter.

4 11t,~ requirement iricludes the development of reliable and quantitative mzthods and equip-
ments for ttstinii underk vutious onermtional conditions.-

(2) Approaches and Technical Problems. Three approaches aree being under-
taen t&owards the s m450ess ircg tenn- use of chenical additives to the fuel,

Mo)mdfcto of cotn busVo chambers of oxistin engies for retro-fit, and fC) new de~is
* _Of engines (included in new aircraft procturement)1.



F-wJ Adi ive D.volopment. With a signi- ant lead taken by the Navy.
___ ddaugmented by efforts of IGE, Rolls Pnycc, Standarud Oil of N.J., etc., a prograva of evaluat-

-.n- 'he efies of -- vi dhiiial additives for ai~~ batemen t of turb-ie enihe exhaust
h~s been undcrvway. No mp~~yaccveptable additive has a(- yet bee-n ound. Ethyl Coap.'s

1C 'T" additive, considered ( by LISA F~) -us the bezt of -.urrent additives is not flljy acceptable
sitice it c~usas fc~ination of oxide deposits m'the engine hot -ecton with con!saquent engine Z
performance loss as a function. Tk11- CI.-2 addidve will be used as a standard by USAF for
comparison with 248 candidate addnavvs to ), evaluated in their- RDT&E program. On-going
R&D all USAF indic.ates promise of 9 out of 28 additive.4 to eliminate visible smoke based

o the T-S enies~ oturrgt eFollowed by the ;mnah Williams WNR 24-6 engijne
Lo de-erm'..e exteat of engine pefrina'nce 'nsK, if any, In adeA-i n. to be completely accept-

- - an~~~~~tey new additiv~ iust be completely con tblwihestnadtvsesoirs
and other ma' erials that are used in air.-naft fiels ark; fue! systems.

(b) Engine Modification. Smoke reduction programnz based on modification
of the combustion chambers c' sevetal existing engines are curren' (y underway, both military7
and civilian, such as JT8D, J52, 7F30, and TF39. Ihc Navy's pri',grarn of incorporating
srnol.eless combustion miners in service enginics applies only to the_ 352 engine on a firm basis;
extenr-on to othet engies will depend upon reliability and engine performance measurements.

(c) New Enin Design. As part of the joint procurement for GE's 379
engine, by USN 2nd USAF, the contractor is including new design i-equirenteras foVr the smoke-~
I=s engine. No Navy R&D) funds are involved in this operation.

N(6) Smoke Measurument & Standard. According to NAVAIR (AfIR-536)
"the R& 1) effort in smoke reduction will be principallyv conceined with methods of testing
and defining values of smoke e;cission under various flight conditions." Several methods
were previougly employeJ with differences in specification of important procedures; viz.,
location of sample probe, choice of reflectomnetezr background shade, and conducting leak
and cleqnfiness- erhecks of the systemn. -A -ingelmann method is used for smoke plumes as
frm inc&ne':ator stacks, and the Van Brand Smoke Index for engine exhausts. The SAE (Ad
Hoc) Technical Commnittee E,31 or' Aircraft Exhaust Emission Measurement, whose member-
ship includes government, engine manufacturers, air.frame manufacturers aiid commercial air-
lines, has evolved a now, idirect, filtration-type reflectance-measurement system. Identified
as SAE Aerospace Recommended Practice (AR?) 1179 "Aircraft Gas Turbine Engine Exhaust
Smnoke~ Measuremient," titz- System is defined broadly enough to- -'low use of the hardware of
most existing systern%, Claims for the SAE System include higher precision, reasonable sim-
plicity and universal accepiance. The same SAE Commiit-e is to develop a sotuin' relation-
ship bee-en SN (the q~uantitative, dbiensionless measure 1 4nt of smoke) and the actual
smoke visibility. Sincta thn~ Navy playzd ai role in the SAE Commnittee's evaluation of the data
and adoption of' the method, it would be logical to assume that the Navy R&D work Will in-
corporate th:,, method and coordinate closely with results obtained by the othe; participantvs,
especially the Air Force, which has com~mitted itself to ft.l implemen tation of the SAE
method

(3) Problem Com-plication. It is important, to note that practict.1y all R&D
efforts to reduco visible ;exhaust smoke have resulted Mi'i < s:nificant increase in w nisible
chemnical pollutant-oxides of rtitro,-n (NQK)-which -wasdered by maiy authurities as a
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17,7
toxic eo taminant (e.g., the threshold limit of NO2 5 ppm). This is exemplified by JT8D
engine test data below:

JT8D Engine w/JP-5 Fuel

NO, Conc. (ppm)

Idle Take-Off Smoke Index (Von Brand)*

BM Burner 2.8 70 0.6
Smokeless Burner 7.4 98 0.25

-Thrcshold of smoke visibility using Von Brand razing index is 0.2 to 0.25
on a C-1.0 scale.

b. Carbon Monoxide (CO)

(1) CO is a product of combustion either of poor efficiency or lack of suffi-
cient oxygen for complete oxidation to '02. CO has a threshold level value of 50 ppm (8
hr/day, 5 day/wk). CO concentrations of turbine engine exhausts are extremely high during
idle power settings and very much reduced in takeoff. Thus, either at an air station for service,
or aboard the aircraft carrier in preparation for take-off, higher concentrations of CO are en-
countered. In addition to the normal medical problems associated with CO, this pollutant
"has a deleterious effect on night vision and therr is some concern that CO, even at lew con-
centrations, has an adverse effect on a pilot's capability it, higIh-orier problem solving such
as instrument flying." Although improved combustion efficiency and increased operating
temperature reduces the CO effluent concentration, smokeless burner cans have only a slight
beneficial effect.

(2) Problem Cort~lications. As in the case of smoke emission, reducing the
engine exhaust pollutant. CO, by increasing the air-to-fuel ratio, produced a simultaneous
significant increase in the NO, emission. Also increase in operating temperature requires
special heat exchange modifications to avoid increasing the susceptibility of the aircraft jet!
exhaust to infrared-IR) seeking missilei.

c. iydro. -rbons (HC)

() HIydrocarbons (HC) are a class of organic cbemicals of carbon and hydro-
gen with an extensive range of vapor pressure dep-nding upon its moicular weight zind struc-
ture-such that some are gases at room temperature (75"F) (such as methane), some ar t:quid
with high concentration of vapor (as isooctane), and some are liquid with extremely low

aequilibrium vapor content (as lubricating oils). Flash points of these hydrocarbons are es-
sentially a function of their vapor pressure. Hydrocarbon fuels are essentially aliphatic (gaso-
line and jet fuel) while some gasoline additives (subst. for tetraethyl lead) are aromatic (ben-
zene). Hydrocarhon compounds in engine exhausts are a consequence of incomplete and
inefficient coinbuftion of the fuels. At very low concentrati-tis. hydrocarbons dre considered
very harmftu. At -bout 0.5 ppm, the fuel causes irritation of pilot'- eyes ill the cockpit. In
addition, hydrocarbons, under proper conversion conditiona end pnotccrl . ;a! reactions,
produce smog.

(2) Problems cf elinination or minimizing hydrocarbon emission are common
to smoke and CO, especially the latter. At idle conditions, hydrocarbon and CO emissions
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are very hi h on !akc-oflf. when combustion efficiency and temp-. fure are higher, the hydro-
ca-boin concentration is reduced several orders of magnitude. Requirement for hydrocarbons
emission reduction would be the same as for CO.

d. Sulfur Oxides (SO,). Whien sulfur (elemental or compound) in jet fuel is
burned, sulfur dioxide (SO 2 ) is formed. As an exhaust, this gas has adverse effects on health
(bronchitis, cardiovascular problems, .tc.). In the atmosphere under suitable conditions it
, further oxidized to S3,03 which combines with water to form sulfuric acid droplets-a strong

irritant and very deleterious to plants and property. Fortunately, sulfur in aviation fuel is
kept at a relatively low level-nominally 0.4%; average level is about 0.05%. The sulfur con-
tent of residual type fuels is much higher. With th. Navy switch to a lighter distillate fuel for
ship use, and within limits of region jurisdictional areas, sulfur oxides from fuels do not appear
to present any problem of significance.

e. Nitrogen Oxides

(1) Oxides of nitrogen are formed in the engine combustion process whei
oxygen (02) and nitrogen (N2 ) combine to form nitric oxide (NO) at high temperatures; at
lower temperatures, the NO combines with 02 to nitrogen dioxide . 2' or as the dii.e-
N2 04. The latter oxides combine with water to form the strong nitric acid, HNO . As men-
tioned previously NO2 which is formed from NO is toxic and produces photochemical smog.
NO, N0 2 . and N20 4 as a class are called oxides of nitrogen (NOx). Aviation personnel have
pointed out that aircraft engines produce only a small fraction of the NOx found in the
atmosphere-the predominant source being lightning discharges (100 x 106 tons/yr) compared
to motor vehicles (6.6 x 106 ton-/yr) vs aircraft (0.4 x 106 tons/yr). In areas wht-re atmos-
pheric diffusion and turbulence is absent (such as occurs in the Los Angeles area), the NOx
dispersion in the air can be relatively high and produce the effects described earlier.

(2) Problem. At sa, flight operations do not appear to be strongly affected
by NO, emission-idle engine operation on the flight deck and good wind conditiors favor
low NOx concentrations in the environment of operating personnel. However in flight with
higher temperatures, and improved combustion efficiency, Nox emission contributes to the
general atmospheric pollution. If compared to the total amount present, aircraft engines can-
not be a major problem. At air stations, a hangars, and on test stands, NO, emission is a
problem. Nitric oxide is the most difficult of the exhaust emissions to measure. No new
instrumentation has been developed for rapid quantitative measurement, with high sensitivity,
of the NO, effluent. For reliabie interpretation, a dinamically reading device is required
(rather than integration) for m-surement, with probes placed in difficult positions of the
exhaust for a composite assay.

(3) Recommendation. in addition to the need for improvtd methodology and
measurement instrumentation (a burden more appropriate for NASA and DOT), a survey
should be peformed by NAVAI. in conjunction with BUMED (utrozing services of NAV-
FAC's SET (ource emission team)) to determine the severity of Vie pollution problem at
thc more obvious critical loc.+inns and situations. in view of the extensive ieffort by the other
federal agencies, technicai difficulties of the problem, and furding constraints by the Navy,
it is recommended that the Navy maintain close coordination wlih the developing agencies
and apply results of such development to Navy engines Nvhen corroborative evidence and
rnliable test data determine feasibility of such implementation.
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aProblem

(1) As the -greatest single contributor to production of HC, CO, and NO.,
from mobile souirces, the gasoline engine i5 receiving the greatest atntion. For the Navy,
the problemp of vehicular combustion engine contribution to at ospheri polution must ce
slight compared to civilian sources, For this i eason it will be treated briefly, rather than
excluded.

(2) Air pollutants from mnotor vehicles without emission control originate
fron' four major sources. The sources and approximate distribution of emi;ssions are listed
a "Ollows:

(a) Carburetor

~b) Ful ~ rEvaporation of fuel--C 2W,%

(c rankcase Blowhv paist the piston rzng-HC 20%V

;L "(d) Engine exhaust Combustioa products-HC 609%-
CO 100%

(3) Because of the similarity of automotive engine to aircraft engine exhaust,
Figure 1 is included to demonstrate the basic problem involved in atte.-apting to control these
emissions by variations in the air-fuel ratio. As pointed out previously, at rich or oxygen-
deficient conditions, complete combustion cannot take place, and circumstartces do not favor
full oxidation of the r'eactants. Thus HC anid CO emissions are high and NO, is small. As the
air-to-uel rnixfturc ratio inraecobsini more complete, and temperature increases,

thu dereaingCO nd r',wih smulaneus icrasehi hetoxic NO,. All three emissions
could theoretically he reduced at high air to fuel ratio3, but operating difficulties (mnisfire,
stalling, poor idling, etc.) would be encountered. Recent developmental claims (applicable to
aircraft and vehicles) point to mnethods of jet vaporization and inection of futels under lean
Conditions to reduce the pollutants and simultaneously alleviate operating difficulties of
poor idling and stalling. As with other contractor claimis, skepticism of significant improve-
ment by this imethod would be a normal reaction.

K-2 (4) Extensive R&D if being performed on engine modifications (positive
cnkcast vpcntiAkn, exhaust emission control systems, air injection systems, fuel modifica-
tion, and fuel substitution. For the latter, liquefied natural gas (LNG) and compressed natural
gas (CNG) in spark-ignition engines have shown a trcmendous reduction of CO, HC and NOX
to the poiint where the emn'issions are below any present or soon-tc-be schedule standards-
federal or statewide. However, the logistical and economical aspects must be investigated
and ev-aluatcO, in determining feasibility of this approach.

b-. Requiremenis. No special Navy reqiiiremnins are included, N~avy vehPA;ire4;
normally pro-cure-d 191 i te Aiy, and all new vehicles will possess stana d pllutio oto
devices. For existing vehicles. tit-, feshiyo mdfcto o reduce the magnitude --fair
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IF. raRe of -ol" 'h approxhnate
ewissions. Among stationary sources, utility plants (tspecially those using coal) and outside
fires appear to bc the worst offenders Aircraft engie test stand operation is a special Cate-
gory. (Me problert of open burning of ordnance itemis (lexplosives, propellants, etc.) together
with rureesantehiiapoaches are addressd in a separate section of this report)

:2 4,. Incinerators-General P rpose-Requirements, Fossil fuel for incinerators will
have sulfur content mnaximna in accordance with local criteria and standards (same would apply
to fuel for ships in port); other emissions-s noke, HC, CO, & NO. -would require NAVFAC

-assays to assure compliance. In view of thi'e recent policy and tendency of more stringent
regulations and stan~dards, it would appear that new designs for incinerators for miilitary
construction contaftn. some module flexibilty for further cleansing of the ai effluen... Within
funding and time constraints, feasibility of modification of existing incinerstors for the me
purpose shoijid be determined. Th-us is1 N.Y.C. which hias taken a lead role in this area, in-
cineratoirs are fitted with either electrostatic precipitators (to remove particulates) or water
sicrubbers (to remove partUIcuates, SO02 and NQr.) as polishing modules on t.he Smoke stack
exhaust system. A water scrubber is presently- being used in a Navy experimental model roiary
drum -lassified material incinerator. A nucleation scrubber was recommended by a FAC/AIR
contractor-consultant as the most efficient m 4de for purification of aircraft engine test cell
exhaust tMission. The EFO's of NAVFAC wouldi play a major role in determining the extent
of compliance of shore based incinerators with existing standardsL

3. Incirterators-Special Requirements

a. L~s /Destr-tion of Classified Naval Materials Ashore.

(1) Long Ranget. More adequate and efficient means are required for destruc-
tion of classified materials-ashore, C urrently avallable incinerators are riot satisfactoryto
meet the increased volume (5(K0 lblhr) and variety of mterials used to convey classified in-
fornration-viz~, p~pers,. bounid'volumes, IBM cards, photographic films (movies, slides), Mylar
Tapes, oil based teletypewriter tape, and miscellaneous items of glass, metal, etc. Present in-
cineator de-ficiencies include high costs of operation and maintenance, ponsibility of security
compromise, and excessive stack emission and consequent air pollutant burden. The RIYI&E
project should proyide a clearer definition of tho problern; investigte imnjoved methodology,

9procewse, and equipmernt; conduct a sytem and cogt effectiveness study; design, fabrication
and .testing of prototype; prepare appzoved military specificaations for installation and use.
This Problem is related to -Naval Communications Command and Naval Security Group Coan-
mand Headquarters requiremnt,

(2) Short Range. T1he rotary drum incinerator concept adopted by NAVFAC/
contrac-tor appears to be capable of meeting air pollution restrictions and simplified feed re-

* quirements. Prototype unit procred and evaluated by NAVFAC contained a numnbeTr of designi
flaws mid did not racet all. the design goals. However, NAVIFAC considers that new engineer-
ing design can correct thewe deficiencies. One major drawbsack of this prototype, however, is
the very hih powtr requirement which in use at some installations causes a power drain antd
voltage drop. Additional requirement or goal is the ability to destroy the classified material
Wj$ security con.promise in load feedsn exces of 500 lb/hr.

-b. Disposlal/etruction of Clasaified Materials3-Ships. A de-liberate attempt is
!K ig made here to avoid potentially classified items from boing incorporated into thL; report-
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Therefire, R&Ds Aew jnvthods of destruction and seifestn-uction of clasifled material will
not be described herein. The problem of destruction of classified fhn utng existing shipboard
incinerators invoives the extensive evolution of toxic and obnoxious fumes-so much that
some pnadtices involve "deep-sixing"-overboardsinking for disposal rather than bmnnig. De-
pep-dent upon tiros and loading constraints, RDT&E is required for optimium disposa/damtruc-
tion of shipboard photographic classified material. The praticality of incinerator modification
v. rapid chem.icai stripping w/o security compromise should be investigated. It would also
be beneficial to further investigate this problem to define its scope and extent.

4. Shipboard Industrial Sowces (other than SC from 1el)

t
a. As mentione: earlier, ship industrial operations in port (tenders, aircraft car-

rer-) contribute a certain degree of pollution to the atmosphere. The intensity of the problem
depends upor, the point sourc soncentradon, and its relationship in magnitude to that from
the surrounding community. In this context, the following potential shipboard air pollution
problenm are cited, using submarine tender activities as an example. The new tenders con-
rain 67 industal hops, each with its own contributory cause:

(I) Rubber & plastic shop. Mold, heat, and bum plastics elastoiers; exhaust

(2) Asbestos lagging, etc. At present, asbestos particles are viewed as one of
the most haITrdous partmiclates--ffects on ingestion in lungs have been recently and alarm-
ingly presented by the medical profession. Operations involving shredded asbestos aboard the
tenders have special exhaust.accommod&ions-but this exhaust into the aiis not filtered.

(3)-Foundry. Although perhaps small in-capacity relative to municipal indus-
trial plants, achtende -has-w M Sr b-v0h nd cae_800_b charge-capacity furnACeS_7driitlv
ferrous and on-ferrous alloys-r4hudingzinc (Zn),:andleadwPb);wich vented to theatnw he without -any collection dedces AstwiIother ourcethisara mustte quantikt
tatiw tly .ttqualitativoly aayzed-to ntemine the nature and extent ofthejpoteutial atfios-

(4) Resin encapsulation, La electrical repak shops of tenders 9Md crtiers,
t Smor of 53$ *s q capacities t.-QVetNlid. IJS pprazon u qtifes tle renolYj 6f

the re encapsulation (epoxies, sificones, e.) by carefu incinMratioL. Asid& f&fr the safety
features (som have expioded), the noxiqu fumes emanat ftom the stacks-have nOt be
known to have been analyzed to dc!ernina if the, -meet 1ederal, local, or regonal ai k st r

5. rpgpsQ.oatwp

a. Problem. In consid e ng air pollution protblms, the state of California has
taken the lead;- ationwide for muiesand reguiations for controland abatement Becaut ofthc
high polution (peopr tveictes, ec)i ssAelscounity and thet staganation of w-ind cur-
rents in-that area, atmospheric aog is a c.ommon occurronce. Thus LA initiated vehicular
controllong before the federal governmment. To further reduce the mnog formati, low
Unuts were placed on sulfur in fuel3, and to certain soheunts used in industrial operations-
ne e- mission of which under phochernical reactions contributs signicantly to smog. The

San Francisco Bay area arid LA county have issed rcyiilaion 3 and rule 66, respectively,
restricting the types and amount of rc-tive organi compounds from industrial sources. For
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Navy purpor-s, thesax!estrlctios axe most app!iible to surface coating solvents, such as
k-ktones and aromatic hydrocarbons used maindy in paints adhesives, etc. For dore applica-

SEE- tions, solvent emissions can be controlled by various means -and proceses. For ship applica-
tions and open .nvironment, controls are practically imposible. Thie bulk of the coatings ii-
volved in this problem use synthetic resin formulations; viz., epoxies, polyurethanes, and
vinyls (alkyds pose very little problem comparatively). For aircraft coatings, NAVAIR has
almost compleied the investigation and evaluation of the epoxy and polyurthane coatings

.ID which use methyl isobu'I ketone and toluene as the problematical solvents. Results to date
indicate successful .modification of formulation and conformance to air pollution rules and
regulations. A problem does exist hn the use of Navy antifouling paints-a vinyl composition
(vhiyl A/F) which uses xylene as the aromatic solvent. A maximum of 8% of this solvent is
permitted, posing several difficulties in its use.

b. Requirements. RDT&E is required to formulate an effective antifouling coat-
ing for ships' bottoms in conformance with the California rules and regulations, without any
loss of effectiveness, and with miriml increase of cost compared to existing specification

I formulation. The problem is subdivided into three potential avenues of approach:

~~~~~~~(8t Subtiitution for''. the_ xy.... (8,., --,., carbon aromatic) solvent with less reactive
---- :organic solvents.

(2) Substitution of other resinou materials for the vinyl.

(3) Development of new coatinog with water-based formulation, to practically
eliminate all oe nic sMlvents.

* t c. Vinyl A/F Related Water Pollution Problem. An adjunct, really related to

wafer pollution, the Navy vinyl A/F contains copper oxide(as the barnacle dete.rent) which
Cdepends upon chemical leaching by, the water for its biochemical action. The Navy is inves-

tigating organometallics (tributyltin oxtde, triphnyl lead acetate) as contact rather than leach-
ing out poisons. These 4ompounds are also used in lower concentrations than the copper con-
pounds. 'Te organic metallits are more local;zed (rather than ion diffused) for coating pro-
tettion, and used in less amounts, thus they may prove to be less toxic to other marine biota
and thus less of a water pollutant.

d. Aircraft Deck Coatings. A/C deck coatings are based-on alkyd, epoxy, and
urethane formulations. Approximately 100,000 feet of coating per deck are used for flight
and hangar decks, and area. of heavy traffic. Althougi; the-solvent concentration would be

Wless than the vinyl A/F or vinyl A/C coatings, assessment of the nature and extent of this
problem should be made to determine compliance with California rules and regulations.
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V. tMoLLETION PaOBL $ AS--L1A T"D"i VAL ORNANCE S¥ TqMS
COMMAND

A. INTRODUCI -ON The situation exiting at -voral Naval Wrdnance Stat ns (NOS)
indicated nor-co-mplianr. wAith existing local or federal gWea-lions for Air or Water QuAlIty
Control. Several NOSs reported open burning of exccs or surpluexplotives, wood from
crates, etc. B ialy, one can initiate military construction r uesov for incinerators an-d
vwage treatments at the various installations. Rather an convert one wevere pollution proble-n
to a milder onre, it would appear , t some consideration be given to the concept of polution
Sprvention-where reclamation and salvage of some ordnance material can be economically
and technically feasible, and other material dinposed of without additional pollution of air,
water, or land. This Ls in e sence thr approach to be taken by NAkVORDSYSCOM in solu-
tions to its Environmental Protection and -tources conservation problems.

B. EXAMPLES OF ON-GOING EP WORK. Exampl-s of NAVORD or-going effort
related directly or indirectly to environmental quality, jrior to this survey and the issuance
of the Executive Order which demonstrate the above theme, are listed as follows:

I, Surplus wood from ordnance rrates (dunsmage) is conveyed to a specially designed
shredder. Fe rous rrnet fragments are magnetically separatd fromin the w-.d this And th& f
resultant chips are sold to cornmercial buyers.

2 In lieu of open burning of the organic explosive TNT, a small R&D project is
cu-ently underway, investigating the feasibility of biological (microbial) degradation or
metabolism of the chemical to a non-hazardous, non-toxic product.

-3. NAVORD is the DOD coordinator for the siver reclamation progra.n. Sih;,
because of its high cost, is salvaged from used photographic, and X-ry negtives. In a majority
of the cas the film is careflly turtkd m a comnmcreiWy avbdri&ced-imosphert
incinwrator. When the temp, atuit iitrol fail, the sLver is lostw:th the rist of the ash up
the stac. Sorn cheical stripping process is hIso perforied' but the neative base must be
iciurted to assure non-compronifis of military security itms. As explained in one of the

attached proect proposls, an attempt willbe made to chemically etch the negative base
sock to complwtely erase any silOver depotft, so that reuse or reproce of the 6e can be
econoimicsly and technically poible, NAVORD R&D of smokeless binary explosive is
predicated on military tactical remaons and not related to or a consequencce of polluSton
control.

C. NAVORD APROACH. Extensive discus4ons were hold with CAPT Z. C. Trzyna
(ORD-0461), M H. Roylanct (OR0 ), who is the NAVORD polutio, control project
coordinator, and Dr. A. Amstefr (ORD-033) with tim the-me hoifully being reclaim, reus e
resale, and pollution preyention. It is recognized that it this short period of time, NAVORD'S
.ollktion problems cannot be methodically identified and quantitatively analyzed. i addi-
tion, there is very little information available from other services regar.ing existing slate-of-
the-art in t-catment and control technology to the ordnance items. Te U.S. Army has the
responsibility for manfacture of the explosives and has, in fact, sponsore R&D effort in
ne w methois of synthesis of TNT with minimal porlution of the air and water (Picatinny
Ars nal contruact with Stanford Research Institute). Information obtained from U.S. Army
OCRD (Offie of Chemical Research and Development) revealod their sponsored effort in Wr
vestiating chemical methods for elinifation or disposal of a large amount of stored leai
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wzde, NAVORI~s proposcd pollution control prograir appears to be original and novel, not
Guplicating any existing or planned prograip of any other federal agency or ic4~nmercial
livity and wprrants full Navy su.pport.

V. AIRISORCE AND NAVAIR PROPELLANT POLLUTI1ON PROBLEMS. The Ai
Force With responisibility for the development and deplo~yment of the Minuterman mi M-le
system, has investigatod airpollution problems relae tocmbsinofterplln
Toxicity and other haza-d involved in the exoti. fluels (Beryllium, boraxnes, etc.) while re-
fleeted in Nay dcments (N1A VMATINST 6240.1 of 27 Sep 1967) is being further eval-
uated by the Air Force (SANSC, LAF Station). There is a potential air pollution problem
irlated to the Navy FilM system and NAVAIR's air-to-air and air-to-gound propellants, the
conte.nt of which is a classified imtter. The NAVAIR missile propellants ate both liquid and
solid. Rather than include this item in this sub.,ission, CNNA (MATF-03) is referred to Mr. 1.
Siver (NAVA1R-330) for more details aid possible inclusion iARn *he NAVORD (or NAVAIR's.)

T 1634's. Use of lipuid propellants with the Navy's Bll Pup missile and the AQM/3 7' air target
systemn represents a strong safety piublern rather thin one for air or water pollution. It is to
be n~teZ that the NAVORDSYSCOM effort iM the dcvelopnment of amamuniticon, explosives,,
propellants, and chem~ical waste material disposal through reclamation, Salvwage, chemical or
biological degradation to reduce air and water pollutants wil hve applicability to the Z~oiutjo
of similar problems of the fleet, CNMi, and other DOD activifies. (Ammunition and explo-
sive waste materials exist at air and ammunition staging ma undert cognin-ce of the fle!.)

E. NAVORI) R&D REQUIREMENTIS FOR POLLUfiON CONTROL IN ORDER OF
DECREASING PRIORITY

1. Pollution Survey. Therm is, at the present !ime, no thorough catalog of the extent
to which NAVORD activities arn contributing to pollution. The necessary preliminary assess-
ment will be prepared under O&MN funding which has been, requested. Environmnental deg-
radation attributable to exploratory development can be studied only with additional fund-
in&. Much of this developmental work involves high energy, exotic, often !uxic cherjicals;-
therefore, the inventory must be prepared by techn~ical personnel skiled in this highly rpe-
cialized field- The proposed "catalog" will be assembled by such scientists aft er conferrig
with theli Navy counterparts who ard active in this technology. It willi address present as well
as future probke".i areas. Without the lniintcity, it will not be possible to pla-n a coordinated,
balanced pollution abatement program.

I. Explosive Reprocessin%_ Approximately 25,000 lbcc. of explosive;% scrap (from
processing, loading, reworking) ate burned dzaily. The waste consiAtrs mostly of RDX, T1N_-T
and Explo~lve D. Undoubtedly these materials cart b: reclaimed by soivent extrnaction and
by mrccystal1livition. It n;ay even be possible, in; some cases, merel1y to bailnl .1 some of the,

ft ~ scrap as the only step prior to reuse. Suitatde solvents would be: acetone- for RDX, bot water
and alcohol for T NT, and hot water for Explosive D. The precise procedures remain to be
worked out and then scaled up. Some performnance testing would be appropriate.

3.Boemrdation of Explosives. Clirrcntly overaio and scrap exlosives are dis-
posd of by ethcrdetonation orby buniing. lloth meidhods of disposAl cad to th ir Hoin
tion problem. Although exliosives rnwy be neu1irdiized by chemical decomposition, su.i a

P ~disposl technique is tisni consumning and usually resrved for laboratory-eize. samples. Large
scale chemical decomposition would bt 2t best a h:azardous pcs.Preirinary studies -,-On-
ducted to date have proved the feasibility of non-violenfly degrading TNT by -use of the
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CK-h~i~la cll nitial studies indicate the der4 tio On j a. scf

complete wihiun 30-45 days aind the inivestigatps fctl that the same time factor would apply
o cidup quanifties of TN.Sc ioslwould lePd itanif to lauontp ieto

methods.

4, Prpelant Reclamation- It is reported that approximately 15 ions of propeflant
ane destroyed daily by burning. 71here m~ay Well be Ite Ihnc ofruigte at o
ongixial purpose, but there are othier attra~ive wss For e-ump e, lcompoaites can he treated
wit h alkali to degrade the polymer. Maceration should folow, and the oxidizer can be
lesciled out either for recovei-y or for law in solution. The residae. perhaps, car, be used as a
building matemda, after compaction, or as a conventional, nonpolluting fuel JLvi special burners.
Single and double-base propellants can be degraded in strongt alkali and the ingredients sep-
arated with outabie iovents. Possible uses are as far lizer, industrial c-hermicals, etc. The
propk-sed methods. of which thecre arie several, need- -1-o bi- evaluated and optimized.

5.Flare, igniter, pyoehi ipsLMmny thousands of pounds of these mnaterials-
usually overage-ame destroyed daily by burning. This is a partiwuary noxious sibuation be-
cauze the inaredienrs often inc-ude hecavy metal salts-often highly toxic. Possible solutions
include ballmillhi'g of the Powders, pastes, and grains followed by selective solvent extraction
and inr.SWent recovery. Reause each systeim xepresents a special Situation, a -variety OTM
methods must be studied and evaluated.

6. 1m proved Test Methods. Approximnately i2,G)00 lbs, per year of explosives are
deliberately detonated i underwater tests. Additional quantites are tested in air. Such tests
am- conducted, generally, in public watcrways. awigable streams or in the ocean. Damage to
commetrcial interets, public irritation, and ecological factors often are involved. Although
NAVORI) now has a program aimpd at developing nismaU tests lo obviate the larger ones,
t-~program needs emnphasis. Such art effort is a long-Terni one and re'sults will be slow inl
forthcomninL. They will be attairned only with theoretical studie supported by appropria1te

7.Rework.of OTTO FueL.QTIO fuel is anitrateester monopropellan wsed in the
Mk 46-1 and Mki 48 torpedoes. Under storage conditions, water mid other contaminants are
Picked up. It is wow felt that the absorbe water Lncascs the vapor pressre which increases
the toxicit; the fuel. Norinai procedure is to disposo, of Vhe fuel from a chaged torpedo
as thawe tos- .1m~ are being ser-iced on board the submnarine tenders. Normal disposal of the
fuel is t.y btliing. Should a capability b.- develipe to rewosk the O-TTOfuel on board the
tendcm; by remnoval of absorbed water and other contqrninatars, savings would result, bot. in1
Mmcoery oil the bs~vist for reuse and in elimination or' a pollu Yor-pr bieM.1 veop
inent of a safe econonucll mneans of rewarking OTTO fuel a~i~ibadlvlonane
ziace will be investigated.

S.Silver Reclamation (See, pagep 49j'-

9. Addendurn to E.--h Present'Task with Pollution Abatement O~veriones. A new
rquiremnrt of each ORDTASK will be that each intvestigator -.xsrninC hi work and his
specialty. He will bc required to roport the extent W-1 which his progrm is c~ontributing to
pollution and to prepVart suggestions3 for abateffent.



VI- NOTSE ABATEN;T

A. 1 NTRO0DUC 1ON

1. The problem of arborne noise anid Its Ifec onMan have ee viwed wihn
cresig oner by the Presiden t; Cong ess, feeaencickS, And lo-cal wM slate- : areas Z

pecially those that are proxima-ite to zag irports. As with iiii poiluin pos rods-ces
adverse physiological effects on personnel. dameapc to mraterialIs and structures, and redufce-s
Navyv comibat effectiveness by providing the enemny with aicoustic signa's for deeto.Noise

isgnrted by man.y sources-snipboard mjachinery (uch as trnps, cmswos.rrii
mioving propellers, forced draft blowers. electr-ical vU'ansfonr-ners. and.z pvz-tans worst of alli

- aircraft engine.

2. Federzal legslation, Presidential executive orders, and DO D policy refle-2ct thle
magniie inortance of noise abatemicnt as an integal pwa of the E1: n-,conren-al Protec-:tion

Progrm. In raore or less chronological order, on & Fb. 1969. DDR&E requested fir, Secre-
taries of MilRy Departuiena. to apply the provisions of the Noise Abateirmn c apia
to commercia aircraft) to- mili;tary aircraft consisten -itht safety and performance. Walsh-
Healey Public Contracts Act of 20 May 1969 set rinid environental noise level requirements
for government contractors. On. 23 jan. 197 0 SECDEF no tified the Secret a--y, of Conizoere

* that DOD will continue to support the Interzancy Committee on NIse Abatement, In
March 1970, a Presdential tnsarno w--4 fnnnutaW3 on tbhaten.n -- Nois Pol-utj-. Thi

mem etalihe te peifc esoniblities of the agencies including DOD. 7"The DOD is
directed to conduct noise research and esatablish standards for the unique or special situat Iions
encontered and make such information available through normnal Channels wimh in theiehni

2E ~of -national secur-ity."

ff B. PURPOSES OF TNOISE ASATEMENT

A. Harraftl effects of excessive airbone nois.e,mustbe redu.ced to:

a. Allevite the problemr of acoustfically-induced AtnItural fatigue-(ailed
"sonic fatigue") especially for supersnic aircraft -an effect that is aggavated whceA suc'erim-

posed by low-frequency vibrations, heating, and-static loads.

b. Provide an effective cominmi.icaiions environment (Icuigproblemis of
speech iterzferenlce).

c. Eliminate the possibility of pxaethiigdane-ginv-;applicable
to flight personnel and ground crewv.

d- IMinimize degradation of humw'ti performnance-short term nte-n101y 3 manual
It motor perforimance, disorientation, etc.

M roc. Dec rease annoyance and degradation of morale.

E Eitinreenmydete--fctin of Naval aircraft involved in rconnaissanc&-
surve;Ilace and %iic ll oper-ations.



2.AS with other Naval pollution abatement problems. solutions for noise reduction
5hould be accomplished with miniimumn sacrifiwe of performance effectiveness, wtqht. and
cost.. Noise abatemient R&D must also include such paramneters as fiequency, amplirude,
spatial and temporal characteristics. etc.

C AIRCRAFT ENGINES

1. Thw two major source,% of noise are those associated with aircraft engines and
shipboard airborne noise. NASA (LANGLEY & LEWIS) has the prime federal agency respon-
sibility for R&D in aircraft noise abatement as reflected in the funding cited in Table 5 for
the three year period FY 19069-1971 -A list of typical research efforts being iconducted by
thc federal agec!1ies is inCluded as T able 6. Noise derived from aircraft originaftes from the
moving parts and -air within the engine, and the ejection of the air and gaseous products
thro,1gh the jctU. into the atmosphere. Blecause of the extensive effort by NASA, and, of late,
a significant increase by the Air Force, Navy R&D in this area has been supported at a rela-
tively low level of funding. As with the engine air-emissio-i program, results of noise abate-
ment R&D conducted by the other gsovernment activities will be implemented directly into
the Navy.

2. Regarding propulsion noise sources, NASA ha: an extensive acoustics R&D pro-
gramn that includes basic studies of propellers. rotors, fans, compressors, and Jet exhausts-
atmospheric noise propagatior. Application efforts are concerned with development of facil-
ities and equipments for full scale model tests and engine fabrication, and the specialized
instruniencation for noise measurements.

3. The Department of Transportation's Noise Reduction and Control Program in-
cludes the following highlights:

a. Investigation of the parameters that effect generation of noise from aircraft.

b. Development of guidelines for engine redesign to minimize the noise and the
ensuing hardware modifications.

c. Development of improved techniques for noise abatement.

d. Saf!ety aspects of noise abatement procedures-flight profiles and ground
operations.

e. Systems analysis of all aspects of aircraft noise abatement including the tech-
nical, eceononmic, operational and psychological features of the problem.

4. ObeivesM. Since the problem of airraft noise abatement is applicable to both
miilitary tactics and Environmenial Protection, a two-fold overall objective has been desctibed
for this program as follows,

a. Development of quiet propulsion technology anti systems for aerial recon-
naiissance/surveillance and for special operations aircraft without eignificant loss of mission
effectiveness.



b 3pII4crii of techiiaiog to reduce genera! arciilft prplio niae lvl
below peoposen- govcrnm eat -,tandards for civilian O.s well is miflitary)- health and wvlfare
cih-ancement.

5. Navy Effort. Thie major N,1avy effort with aircraift noise abatement includes tHe
following:A

a. Quiet pro2pulsion studies for the TRIM aircraft (Trails and Roads IntertlictionA
Mi,.sion). This is essentially concerned wifli propeller aircraft, using either reciprocating or
turbine engine!;. For the formier engine, effort is being direcied toward d'e Wankel Engine
principle-using rotating rotors in lieu of pistons, and utflizing automotlive type exhlaust
mnufflers to handle dhe reduced air flow.

b. Standard Navy Engine Test Cell at various NARF's. Desi-i and fabrication
3 - of test cell facilities using concrete and acoustic linings to reduce the noise level over all[

frequencies by a 75 dB drop at a radius of 2000 feet-euuivalent reduction to "Sleep criteria."
The relatively noisy 175 jet engine will ' e u-eed for noise spectrum generation. Design of the
test facility is to provide the iapability of handling ant*- ipated jet ungines for tWe 1 980 decade
requirements,

c. Engine-in-airframe Mai~tenance- During the engine niainlenance and ovvrhaul
period (while engines are being run~, aircraft are checked for integily. Procedures and ar-A
rangements are mada to abate the engine noise (back end in, sound screens, placed near tx-
haust, et.) Planning criteria required.

d. let Engine-Limtited effort is conducted by the Navy in the abatement of stoise
from jet engines, which is greatest during take-off. The limited effort has not produced any

signficnt eneit. Noise abatement by adjustment of distance between stitionary wid rot st-
ing compressor or fan blades can only be achieved by reduction of the thrust and/or flight.
range-which is unacceptable. Results from the NA<'A Quiet 'Eagine Program will be dr'ec:tly -

applicable to Navy aircraft. 'The Air Force is investi ai' -iuation of jet engine extast
noise by droplets, of a liquid. dispersed in the gas phase C . iicAbsorption and Diffracticrt
by a Cloud of Vaporizing or Condensing Liquid Droplets 3

6. Naavy RDT&E R,_quiremnents. In view of the exter, ive effort conducted by NASA
on the "Quiet Engine ProamWndh @igh risk of achieving nois e abitemnent with theI

* limited R&D funds available, no new requirements are recommende .

D. SHIPBOARD NOISE ABATEMENT

1. Aside from aircraft engine noise, one of the principle areas of noise associated
with Naval opf-ratik-n5 is that of shipboard equipment MIL-STD-740B (SHIPS) Notice I of
22 Ju-.- 1965 is a "Military Standard, Airborne and Stziuctureborno Noise Masurements and
Acceptance Criteria of Snipboatd Eqguipmnent." Airboin ros is .onsidred uire
sound in air; structureborne noise is undesired vibration in or of solid bodies such as macin-
ery, foundations, or ship structures.

2. As expmresd previously, shipboard airborne noise affects rersonnel in three sig-
nificant ways-(a) excessive levels can interfere with the zbility toommunicate comminds,
(b) compensable hearing damage may occur, and (c) reduction of personnel efficiency oeca,:'i.53I
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0, aiuiovarice or sleep loss. Prinic-ipal atiention hv been given to stecady state noise without

prom nent :.ones, and1 it has been found that levels exceed by 10 to-20 dBi those considered
acceptable in a nonshipboard environmient. Many shipboard nioises, however, actually do con-
tain Dure 'ones or aroe intermittent. impulsive, or fluctuating in level'. they have received mini-
mal attention. Trhesme finditns are contained in -. NAVSIPS's (03 7) report "Stea ly State
AIrborne Noise Criteria for Shipboard Spaccs" dated 1 April 19. whc ls eomet'

new sond leels for shiiphoa-roi spaces in terrms at sound level A (dhA)

3,Problem Definiticn and Approach. The initial step in shipboard noise abatement
is thie determiination, through laboratory tests and shipboard measurements and sun-Vys, of
the effects of the various types of noises de~stcriberi above on hearing, spee-ch intelligibility,
psychophysical riesponse and physiological processes. Means must also be developed io de-
fine and mica-wre the noises in a mneaningful way, The ncxt 5tep is the determination or tile
contribution of various equipments and systems to the overall noise ambient. Apart from
-tigine rooms, the miost serious problems arise fromn flanking paths and sources in nearby
spces and comparh..,nts. Finally, means must be developed to reduce the contribution of
systems and equipment to the overall noise backgrolind. In addition to the su.rvey and quan-
titative measurements, pertinent particulars of the surroundings will be noted (thickness of
bulkheads, existence of acoustic treatment or resiliet-t mounts, feasibility of installing treat-
ment. etc.). Basic work on criteria and measurement techniques has been performed at the
Nzvy Underwater R&D Center (NURDC), San Diego.

4. Navy El fort

a. Aircraft Carriers-The concePt of insulatlion of flight and hargar decks was
compiletetq a decade ago. Noise reduction at present is accomplished by modifications in the
aircraft en-itc mixito ng outside air (3 or 4 to 1) to slow down and cool the jet ex-
haust-and ~~hndgits direction (deflection from "straight out") to reduce noise propagation.

b. Smaldl to-,ti-Studies of radiated and on-board noise (performed by NSRDL/A' ).
Significant improvetn' .i 1-k-vc been achieved 'i the formn of high performance mufflers, imt-
proved absorption and basries :tA.terials in engine compartments, silencers in air intake duct-
ing and acoustic treatment in cnolA and living spaces.

c. Submarns-Rekt-d to important mission effectiveness item of under-
water detection.

d. Minesweeping Boats (MS3 z-)- wition of noise from the IMSB stack, where
gazi turbines were used for prime movers of getwtiitor sets, The problemn was centered on the
high frequency noise that would be harmiful to ihe kearinj of the crew, and the possibility
that the airborne noise wou~d be very severe to personnel in- pr'oximity of the boat.

S. Bureau of Medicine and Surgery (BUMED ). BUW- rP rt directly involved Jr. the
health and safety aspects of naval militar-y and civilian _pc mne) -,-urhout the Naval Estab-
lishment. In the, Noise Abate-ment Program, CDR Barboo of BUME1D j,732) initiated BIJMED-
INSTR .) 60.6B-Hearing Conservation Program of 5 Marh 1910 vfh' h outlines the heainf,
daniwge risk criteria and personnel protection methods for conttrol of oseash m p or afloat,-

6. RDT&E Requirements. A limited RDT&E effort has been condurwtcd IMAV
SHIPS with NMITA -spport on the effects and control of *ipboajed airborne noise. Am

54



-rtd inProblem Definif;-:k. a rore ipte,.sivr; nrogo is required I~o reduce noisc to accept-

able levels, ipcluding a study ,f the tom-11 Zd nonsileady noises. The reduction of noise
levels below those recoinnended by thip Bureau of'Medicine and Surgery wouild bu dtsirable,
Withiout Significanit SUCHr11ke of w;eight and cost, and conUbuting to im~proved mission keeping
capability,

TABLES
AIRCRAFT NOIS ABTEMEN1 RSEARCH4 FUNDING LEVELS

I ~ ~ ~ ~ S AUnc --1__ RE_____

S FY 69 Fy ?0 F 7' 1
DOT .61 2. 35 3.0
NASA 1 9.0 12.10 9I

DO0D 2.00*(~I2'
3.60** 94"6.09"T

Industry 20.0 . 11

*Primiary Empliasis-R.eo.nnafisance/Surveiliance Aircraft.
"Dvellopm-n and Construction of Aircraft!Eqzine Test Stand.

TABLE 6

AIRCRAFT NOISE ABATEIMENT-FEDMfAL AGENCY RESEARCH EFFORTS

DEPARTMENT OF TRANSPORTATION

Noise Rdiota~ sd Control
Systems Analysis
Sonic Booi Generation -and Propagation
Human and Animal Response te Sonic Boinn
Structural Rtqlonse to Sonic Boom and Sonic Boom hiim~tto

NATIONAL AERONAUMIS AOND SPACE ADMINISTRAT ION

( u.et Engine Program
Propulsion N11oisr PretNiton ar'd Reductionl
Aco-istic 11 uwleg SniLic
Atmospheric Pitfion of iirAft -Noise

DEPARTMENT OF DEFENSF,
Lmnx ReconnacSumilkince Aircraft

Hlioter Aimra DetectiOn
Gtz-ax N oi Reduction
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TABLE 6 (Canthued)

DEP'ARTMENT Qi' DFENSE (Continued)

Air Force: Quiet Aircraft Study
Mt.) Acoustic Research

PiopuAsion and Aircraft At-oustics
Aizzf Noise Measurement Prtgrant

Aircraft/Engine Tcst Stand Suppreasors (ASD)

Nav: Aircraft Carrier Environment Stddies
Quie;t Propulsion Studies (Trim Aircraft)
Aircraft/Engine Test Stand Suppressors

V
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APPENDIX A

FEDERAL AGENCIES INVOLVED iN PROGRAMS TO REDUCE EMISSIONS
FROM MODILE SOURCES

Agency Program Area and Dates

National Air Pollution Control Controlling agency for al air pollution programs funded
Administration by U.S. Department of Health, Education, and Welffare

(See Appendix B)

Atomic Energy Conuiwsion Or,-nk R-ankine-Cycle Technology Investigation(1969-72)

Status of High Er -ty Battery" Developments (1969-70)

Rinetallic Systems Program (electric power) 969-75)

Department of Defense Stratified Charge Engine (1969-70)

Smoke Reduction in Turbine Aircraft Engines (1969-70)

IIndustrial Gas Turbine Family (i 969-75)

AGT-1, 500 Gas Turbine Development (1969)

Electrocbemica Ener Stor-ge for Vehicle Propulsion

(1969-73)

Exploratory Fuel Control Research (1969)

Basic Combusti-n Research on Internal Combustion
(1969-75)

Department of the Inierior interactions Between Fuel Conpositi-on and Engine Fac-
tors Influencing Exhai st ErisSons ( 969-75)

Products of Ciombustion of Distillate Fuels Uwd in Mobile
SSystems (1969-75)

Ev-afuation of Fu-i Compositn Effects on Continuous
Plow Comnihudon Propulion Sy.eMs (196915)

Characteristics of PNiitohemical Rectiai w of Vehicle
Emissions (1969-75)
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Agency Program Area and Dates

Department of Transportation Measurement of Smoke from Gas Turbine Engines (1969)

Computer Programs to Define the Influence of Combus-
tion Parameters in Turbine Engines (1970)

Study of Visible Exhaust Smoke from Aircraft Jet
Engines (1969) N

Rankine-Cycl Freon-Engine Bus System (1969-70)

Rankine-Cycle Steam-Engine Bus System (1969-70)

Stirling-Cycle Bus System (1970-71)

Hybrid/Electric Bus System (1970-7 1)

General Services Administration Providing Fleets of Vehicles for Use in Demonstration I
and Mileage Accumulation Tests

Fleet Test of Natural-Gas Powered Vehicles (1970)

National Aeronautics and Development of Thermal Reactors for Vehicle Pollution
Space Administration Control (1969-71) i

Studies on Boilers, Pumps, Radiators, and Condensers
(196972)

Metal-Air:Batteries (1971-75)

Interagency Advanced-Power Group (1969, 197 1) (In-
cludes AEC, DOD, HEW. and NASA)

Post Office Department Fleet Test of Natural-Gas Powered Vehicles (1970) j
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APPENDIX B

PROGRAMS SPONSORED BY NAPCA4 TO REDUCE EMISSION 4
FROM MOBILE SOURCES

Hfigh Efficiency Induction 3ystems Evaluation (1 969~-7 1)

Carburetors, Reduction of Engine Exhaust Emissions ( 1969 70)

Influence of Fuel Atomization, Vaporization, and Mixing on Exhaust Emissions (1969-70)

Kinetics of Nitric Oxide at High Temperatures (1969-70)

Alternate Low Emission Fuels for Motor Vehicle Propulsion (1969-70)

Effects of Gasoline Additives on Carburetor and PCV System Performance as They Relate
to Exhaust Emissions (APRAC-CAPE-2) (!969-70)

E nission Control Technique Evaluation (1969-70)

Evaluation of Exhaust Gas Recirculation for NOX Control (1969-71)

Demonstrate Feasibility of Control of NOx Emissions (1969)

Control of Nitrogen Oxides Emissions from Mobile Sources (1969-70)

Control of Particulate-Emissions from Mobile-Sources (1969-70)

Evaluation of Effects of Fuel Compositioa arid Fuel Additives on Particulates in Ex~haust
-EnissidnsgI/1969'irn

Fuel, Volatility-Effects nn Diivesbility and Emissions (APRAC-CAPE-4) (1969-70)
Automotive Fueling Emissions (APRACLCAPE-9) (1i969-70)

Study of Two-Stroke-Cycle Spark-Ignition Erigine Emissions (1969-70)

I Development of Einission Factors for Off-Highway Internal Combustion Enginc (1970)

Control of Emissionrd Dis-oee-MbiS cs (1970)-

Conitrolof Particulate Emissions from,-Mvbie Sources (diesel) (1970)

* ueilInjection-Systemf Analysis: Diesel Smoke Reduction (1969-70)

Investigation of Diesel-Powered Vehicle Odor-and-Smoke (1 969470)

Diesel-Fel Combustion Chemistry as -Related taoOdor,(l969)
Cdftiro1 of Eissons ffrm Aircraft (l 06940O)

Ranikine-Cycle-Propi~sion Systenistor-Vehicles (1969-70)

Low Emission Continuouis Flow Conibustors for Vehicle Propulsion Systems (1969470)

Rankine-Cycle Bus Emission Evaluation (1970)

Gas Turbine Exhaust- Ei~iin Anal~ysis -(196940)
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Irradiation Chamber Studies (1969-70)

Photochemistry and Kinetic Investiations (1969470)
AJ

Elem~entary Reactions i Photochemical Smog (19610)0)

Ficid Studies of Photochemnical Air Poilution (1969-70)

Atm(Aphvric Reaction Studies in Los Angeles Atmosphere (APRAC-CAPE-7) (1969-70)
New '9'cfilques for Exhaust Emissions (sampling) (1969-70)

Analytical Methods fox Aromatics and Particulates in Auto Exhaust (ARAC-CAP3-1 2) (1970)

Improved Instrumentation for Determination of Exhaust Gases for NOx and Oxygenate
Content (AiPRAC-CAPE-l 11 ('k.9-69-70)

Chamber Reactivity Studies (APRAC C,,APE-i1) (1970)

Resp~onse of Urban Population Groups to Dik-sdl Exhaust Odors (1970) -

Diesel Exhaust Odor Characterization (APRA"-APM-7) (4069-70).

sampling Systemn Evaluation (1969-70)1

CO P cofiIe. Study (1970)

Diffusin Model of Urban Atmosphdre-(APRAC.CAP-3) (-1910) -

Study of AirlPollution Aspets if VifioWV*s UTba ors (1970) -

Development-of Iniil Guid6elineDocument:(1970)

Al: Pollution Aspects Of Various-Roawa Confiprtin (Lowe -Manhattani Epesway)- j

Development of- at Long-Range Propamh Plan for the Air Pollution -A~ect ofi niomentl

Plaoips(!9 69--70) j7:
Engine Emussion, Reduction by cqobustion Control(199
-Kineticsof Nitrqsen.xdes Automotv Polltion (1969--70)

KXinetics of Oxidati o r Q.nin fCobsblsIEhatSyem of-GaoneI

Relation cfFelC psiont Gaeus EsijutAEfiio froM Autoive -Vhiqkl

(1969-70)

Combustion-Process Analysis%9.
* oxypentesin Automotive Emw ii( 96%79)

Use of Eletric Fields in! Comfbustion (196947) -~



Longa-Range RI D Program Plan for the Development of Motor Vehicle Control Tochnology
(1969)

Long-Ranga Pr~gran Plan for Combustion Rese- rch (1969)
Long-Range RID Program Plan For Air Pollution Instrumen tation (1969)
Cost Effec-tivreness of fiydrocar-bor, Control (1969)
Technical Semninars. Advisory Committees, Etc. (1969)
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I. IPLAETM NOTES 12. SPONSORING MILiYAAY ACTIVITPY

Naval Material Co~nand, Natvy Department
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This repr d aie the Environmental Protection Problem of the-U.S. Navy, ashore-
and afloat, and sets forth meaningful RDT&Z requairements for each pollution- problema
area. After listinag the major operational problems, the existing state-of-tht -_Art
approaches and technology are described, and -,here applicable, a technical appraisil
is rendered for short range and long range soluwtions.,

'-t :rbaog-rinatewt conavy. red~erd 4&iez, requirements are etabliihe
pollutio rc innoenrt!Nayrsucs- critical areas. The-principles-of

matria b~ rerocss puifiatin, ndreclamation to povid a reusable or salal
product) readvanced.-

L),JgMjr gavy problems considire& 6sre:ahiboard sanitary waste treatment and disposal-
pystemB; oil pollution of water resulting from pumping of bilges, 'deballasting of-
fuel or cargo oil tanks, pumping of tank slop, accidental. and deliberate fuel (JP-5 _

-contamination) spilage;- tircraft engine exhaust emissions and noise; and ordnance-
materil. (eplosive, propellazits, pyrotechnics,, and Otto fuel) reprocessing and re-

- ciamation.
Other prblem areas included are: industrial, galley, and trash wastes from ships; M3shore and ship destruction of classified material; sbps &z!ti-fouling paints; air-
craft cleaning ;and stripping; sbh oard noise abatimwt;.and uto oil disposal,
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